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PREFACE. 


In the present rolame 1 have collected together some 
of my recent observations on the senses and intelli- 
gence of animals, and especially of insects. 

While attempting to understand the manners and 
easterns, habits and behaviour, of animak, as well as for 
the purpose of devising test experiments, 1 have found 
it necessary to make myself acquainted as far as possible 
with tho mechimism of the senses, and the organs by 
means of which sensations are transmitted. With this 
object 1 had to look up a great number of memoirs, in 
various languages, and scattered through many different 
periodicals ; and it seemed to me that it might be inte- 
resting, and save others some of the labour I had to 
undergo myself, if 1 were to bring together the notes 
1 had made, and give a list of the principal memoirs 
cousulted. I have accordingly attempted to give, very 
briefly, some idea of the organs of sense, oommenciag 
is each ease wirit those of man himself. 
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to look at the chapters on Hearing. 
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ON THE 


SENSES. INSTINCTS. AND INTELLIGENCE 

oir 

ANIMALS. 


CHAPTER I. 

IKTRODUCTORT REMARKS. 

The organs of sense may be said to bo the windows 
through which we look out into the world, and it has 
always been to my mind one of the most interesting 
problems of natural history, to consider in what manner 
external objects affect other animals, how far their 
perceptions resemble ours, whether they have sensations 
which we do not possess, and how we ourselves arrive 
at our own perceptions. 

I propose to dwell in the present work especially on 
the senses of insects, partly because roy own observa- 
tions have been made principally on them, and partly 
because their senses have, perhaps, been on the whole 
more thoroughly and successfully studied than those 
of the other lower animals ; which again arises from 
the fact that no group offers more favourable oppor- 
tunities for the study of these organs. The subject is 
no less vast than difficult, and 1 do not pretend in any 
way to give a complete Tiew of the whole question. 
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DIFFICULTY OF THB SUBJECT. 


bat bare selected those oases which seemed to me the 
most saggestire, interesting, and instmctire. 

No one can doubt that the sensations of other animals 
differ in many ways from ours. Their organs are some- 
times constructed on different principles, and sitoated 
in very unexpected places. There are animals which 
have eyes on their backs, ears in their legs, and sing 
through their sides. Nevertheless, in considering the 
different senses, it will probably be most convenient to 
begin by a short summary of our own organs, as afford- 
ing the best clue to the purposes and functions of cor- 
responding structures among the lower animals. The 
subject is one of very great difficulty. Even as regards 
our own senses, we are still in extreme ignorance. The 
clue afforded by anatomy is very imperfect, and some- 
times almost misleading. No one can read the literature 
relating to the organs of sense without feeling how 
very little we really know on the subject. Even when, 
as especially in the cases of the organs of hearing and 
sight, we have careful and elaborate descriptions and 
figures of very complex structures, these relate rather 
to the separation and arrangement of the waves of sound 
or light, than to the actual manner in which they affect 
the nervous system itself ; while as to the manner in 
which our perceptions are in turn created, we are almost 
absolutely ignorant. In the senses of taste and smell 
this becomes, perhaps, even more clearly evident. 

Every cell, indeed, in the animal body is a standing 
miracle. Consider what it has to do. It must grow ; it 
most assimilate nourishment ; it must secrete ; it must 
produce other cells like itself ; and this often in addition 
to its own proper and distinctive function. The lowest 
npimals consist but of a single oelL Yet they feed and 
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digest ; tbey grow and multiply ; they more and feel. 
Their perceptions, indeed, are no doubt confused and 
undifferentiated, and perhnt^s devoid of consciousness. 
The soft protoplasm of which they consist is dimly 
affected by external stimuli, as, for instance, by the 
waves of light or of sound. These forms, however, are all 
minute, and, indeed, almost invisible to the naked eye. 
The larger animals are built up of a nuraW of colls. 

Let us, then, consider tHb jwssible modes in wltich on 
organ of sense, say an eye, may have originated. 

In the simpler forms, the whole surface is more or less 
sensitive. Supiiosc, however, some solid and o^taquo 
particles of pigment depo8itc<l in certain cells of the skin 


rtg. l^PUgram of tkla. c, C'utkle ; h, ct'lluUr or hfpodenntc Uf«r. 

(Fig. 1). Their ojwcity would arrest and alisorb the 
light, thus increasing its effect, while their solidity would 
enhance the effect of the external stimulus. A further 



fig. 3.— DUgnun of skin. <r, Catick ; A, ctfUuUr or hyfo^UiTmk Uyer. 

step might be a depression in the skin at ibis point, 
which would serve somewhat to protect these differen- 
tiated and more sensitive cells, while the deeper this 
depression the greater would be the protection. 

The epithelial cells frequently secrete more or less 
matter, which may form a more or less solid ball. 
This might be set in vibration by the sound-waves, 
would thus increase the effect on the epithelial 
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cells. Sach a body is known as an otolitbe. On the 
other hand, it might serve a lens, and by condensing 



Fig. 3.— Di*gr*m of oiigiu of a emse-orgta. c, Culldf j 4, b^podtnn ; • n, nervt. 

the light would act like a burning-glas?, and increase 
its effect on the cells below. A further stage would be 

e 

h 



Fl(. 4 .- Dbcnoa of forUiv •tag* In the taigin of t MSM Otgin. 

that the immediately subjacent cells, acted on by the 
increased stimulus, might (Figs. 3 and 4) develop into 
i^peoial nerve-tissue. 

* X«. ttM oeilatar ]«fer below the ontkle. 
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Nor is tMs a merely iiuagiiuury case. Each of Uie above 
stages may be foood in actoal existence — ^that, for in- 
stance, indicated in Fig. 2 in the limpet (Fig. 92) ; Fi^ 3, 
in Trochus (Fig. 93) ; and Fig. 4 in the snail, Helix 
or Mnrex (Figs. 94, 95). Recent researches indicate 
that the eyes of Articnluta (insects, etc.) have, in some 
cases at least, a similar history. But more than this, 
if the development of the eye of an individuad snail bo 
watched in the egg, it will he found to pass successively 
through stages resembling Fig. 2, then Fig. 3, and 
then Fig. 4. 

In other cases, however, the organs of sense have a 
different origin and history. Suppose, for instance. 


e 

A. 


UiliJ 


! nm 

Fig. S.-IMtgrtra of origin of • wnie-orgao. 


that the hypodermic layer were at any spot (Fig. 5) 
somewhat more strongly developed than elsewhere ; in 
that case, the cuticle secreted by the hy|)odennic cells 
would tend to be rather tliicker than usual. This would 
again (Fig. 6) constitute a lens, and serve to condense 
the light. That certain eyes have actually arisen in 
this way is indicated by Fig. 7, representing a section 


*nn 




ng. ^.-^DUfrun of Airtbec ttAgti to Hio oflgln of a MtMe'Orgui, 


through the eye of the larva of a wafer-beetle 
(Dytascos). Nor, as we shall presently see, do these 
two types of development by any means exhaust the 
ways in which eyes may originate. In the two cases 
given the eyes originate from the skin, but in others—' 
tx instanoe, in ourselves — ^tbe percipient elements are 
famed firam tiie central nervous system. 



OBIGIN OF EYE AND EAB. 


The tissues of the lowest animals have not been shown 
to contain any special nerve-fibres, but umlemeath those 
^ parts of the surface 

^ where, either in the 

manner indicated al>ove, 
or in some other, the 
eflects of external stim- 
uli are heightened by 
any structural modifi- 
^ cations, there would be 

a tendency to the s|)Oci- 

Pw'i'llun thr«Mij?!i tho oy<* of ft illi/dtion of AH eXCCrV- 

youi.K nvlUuM Urvft (ftftor (Jrrrmch.T). A. 

ll.v 



yi»<»<l«'rin , /, 1 «‘Im ; <>, oplh lo rvoj 
luotlUic^l hy|>o<Jfnak tfUi* , r. relinft. 


if. r. 


tionally sensitive tissue. 
Moreover, such an 
organ as that represented in Fig. 4 might serve either 
as a rudimentary ear or an eye. It might, indeed, bo 
acted on by the wavt's both of light and of sound. Such 
organs — as, for instance, in the (*ase of marginal bodies 
round the edge of certain jelly-fishes (Medusa?; seo 
Figs. 8 and 50) — have biH*n n^gurded by some naturalists 

as ey(\^, and by others as 
cal's, Haeckel suggests * that 
Some may bo ^warmth-organs. 

Fig. 8 lepresents one of the 
marginal sense-organs of a 
Medusii (Ontoohis), where we 
liave a row of brilliantly re- 
fractive spherules, which from 
analogy are considered to serve 
as otoliths ; but which, under other circumstances, 
might be, and in fact have been by some, regarded 
as the lenses of a simply constructed organ of vision. 

♦ ** Report on Deep Sea Meduaie,*' “ ChaUenger Keporta,*’ vol. iv. 



Fig — AuAhtory v»^ldo of Onto- 
cliU (after lUoekch. 
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Even among the most highly specialized organs of 
sense, it is impossible not to bo struck by the similarity 
between the cones in the retina (Fig. 79) and certain 
organs in the antennno of insects (Fig. 42) which are 
generally considen^d as olfactory. It dot's not follow 
that an organ with a nerve, a lenticular body, and 
pigment, should necessarily be an eye. Nor, on 
the other hand, is there anything in the structure 
of the organs, for instaniL'e, of smell or taste wliieh 
throws any light on the perceptions we re(’eivo from 
them. That there should bo separate nervo-librils in 
our own skin, not only for the sensations of t4*m[>eraturo 
and of touch, but, as apjK'ars from the researches of 
Blix and Goldschneider, even of heat and of cold, we 
hod not anticipated d priori ; and it would bo diflicult 
to prove in any animal but ourselve s. 

The Sense of Tor(ui. 

1 commence with the senst* of touch, as being the 
one which is most g<*nerally distributed, and from 
which the others appear to have been in some cases 
developed. Tlie senses are not, indeed, as already 
mentioned, always to be easily distinguished from one 
another ; and it would seem that the same nerve may 
bo capable of carrying different sensations according to 
the structure of the end organs. 

The sensibility of our skin appears to be mainly due 
to a plexus of fine nerve-fibres, which end in free termi- 
nations between the cells of the skin (rete mucosum). 
There are also in some parts of the skin two sets of 
minute corpuscles, which are callbd after their discoverers, 
the first Yaterian, or more commonly Pacinian, cor- 
puscles; the second, Meissner’s or Wagner’s corpuscle 
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The Pacinian corpuscles consist of a capsule formed 
of several layers, one €*nveloping the other. The 
undulating nerve-fibres, after several windings, enter 
the capsule, which, indeed, seems to be nothing 
more than a much-thickened end of the outer nerve- 
coat These corpuscles measure from 1*1 to 4’5inm. 
They occur principally on the hands and feet, and 
in the flexures of the joints, but occasionally also 
elsewhera . 



Fig ». riicihUncoTp«j*cl<'(tfU'r l4\vdig). Fig. 10 — ilif Putlurfi of 
a, NeurllcmuiA ; iJorv<*.ilbril,c, the haud, > 3i>0 (alter KCdUkrr). o, 

pulos d, jKJcullmr Hhrcp ; f, Ci’OUjkl Cuiif-like Ixxl^ ; 6, nerve; c, cimI of 
cylinder. nerve. 

Meissner’s or Wagner’s corpuscles are cone-like or 
egg-shaped bodie.'^, in each of which a nerve termi- 
nates, after several convolutions. Tliey are especially 
numerous at the tijts of the fingers, where there may 
be as many ns a hundred in a square line. They 
occupy the jiapillro (which, however, do not always 
contain one), which give the surface of the hand its 
peculiar striped appearance. They also occur, though 
loss numerously, elsewhere, as on the feet, breast, and 
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It appears probable, however, that th<^ are not 
really the organs of touch, but rather, j)erha{>s, guards 
or protectors of the true and very sensitive organs 
within. They are, no doubt, most numerous on the 
more sensitive parts of the skin, such as the hands and 
tongue, and the sense of touch is most acute where they 
occur; but they appear to bo absent in some places 
where the sense of touch certainly exists, and they 
are abundant again in the foot, uhich, though not 
especially sensitive, is particularly ex|x)sed. 

The sensation of pressure is intimately associate!! 
with the hairs, which no doubt serve, at any rate in 
some cases, for protection, but whicli, in Blix’s • opinion 
are in man {)robabIy all organs of tt>uch. 

We have still indeed much to learn as to the 
terminations of the nerves in the skin. It would seem 
that some are connected with cells, while others termi- 
nate in a free point. Clerked has suggested that those 
which end in cells are the true nerves of touch, while 
the free nerves record changes of temperature. Others, 
perhaps with more probability, have supposed that the 
free nerves convey merely a general and undifferen- 
tiated sensation, while those which te^rminate in colls 
give the specitic impressions of pressure, beat, cold, 
etc., any one of which may be intensilied into pain. 

However, this may be, Blix • and, shortly afterwards, 
Goldschneicler t have made the interesting discovery 
that we do not feel changes of pressure and of 


• “Expor. lieitr. zur Lamng der Fra^ Uljer die 8{M3«cif. Kctergie dar 
Hautoenren/’ Zeit, /Ur Biologk, J S85. lUix’s previous in UpioJa 
Lakan-formingt F&rhandlingar, 1SH2, 1 have not »cen. 

t ** Mouatiichr. fiir pmki. Dermatologie.'* 1884. “ K<mo TtaUachoil 
I,*’ Zool. Ahz , 1885 aad 188G. 
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temperature at the same points of the skin or by the 
same nerve-ends. The feeling of pressure seems to 
be intimately associated with the hairs, which is not 
the ciiso with scmsations of temperature* Even the 
feelifigs of heat and cold are also separate. These 
throe sets of |)oints, indeed, are so near together that 
the separation had hitherto not been observed, espe* 
cially as they are closely intermixed. They have a 
tendency, however, to arratige themselves in more or 
less curved lines, (ioldschneider experimented with 
a fine pjint, which he passed over the skin, thus 
testing it sometimes for pressure, sometimes with 
a warm point for heat, sometimes w ith a cold |X)int for 


d' Hai rs WP 
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Klg 1 1 -Tortlon (if Ihf *kln of the back of thf* hand C*a^r GoJdiichncld<‘r). Tbi» 
coiUro ftguri' ri*|HoiK'nt« llie *rr«ngruictit of tbe hair«i L'/\ the culil-|H>tuU i If/*. 
the y ‘ u», 

cold. Moreover, if lie raised the jioints thus determined 
with a fine needle, and snipped oflf the fragment of the 
skin, ho found that the resulting sensation was quite 
different in the three cases. If the point removed 
was a “ pressure-point ” the sensation was one for the 
moment of pain ; while the temperature-points gave 
one respectively of heat or cold. The terminations of 
tlio temperature-nerves are, according to Goldschneider, 
much finer than those of the pressure-nerves, and they 
are also fewer in number. He cut out from his own 
skin a large number of sensitive points, but, while he 
found that each corresponded to a nerve-end, he has 
not been able to discover any difference at or in the 
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termination of the nenrea corresponding to these differ- 
ent sensations, though it may reasonably be ex{iected 
that such must exist 

The question has arisen whether there are separate 
nerve-endings for pain, as apart from pressure, etc, ; hut 
the observations of Blix and Golilsclmoider appear to 
show that pain arises merely from the intensification of 
other impressions, and that it does not reside in any 
special organs. 

Sense of Touch among the Loweii Animals. 

Among the lower animals the outer skin is often 
very sensitive, but we know scarcely anything as to the 
minute structure of the organs of tactile perception. 
In some case's they are, no doubt, very simplo; but in 
others it will jirobably bo found that the apparent 
simplicity is due to our deficient information and means 
of investigation, rather than to any want of complexity 
in the organs themselves. 

In the Cmlenterata (zoophytes, etc.) certain seta*, 
especially on the tentacles and near the mouth, are 
generally regarded as organs of touch. 

In the epithelium of many of the lower animals, two 
forms of cells may be detected. Some unmodified, or 
indifferent, which form the general substance of the 
epithelial layer ; others more or less specialized, which 
are seldom absolutely contiguoas, but generally sepa- 
rated by one or more of the indifferent cells. 

In other cases, nerves may^ end abruptly at the 
cuticle without the latter presenting, so far as oar 
present means of investigation have shown, any ap- 
parent change; os, for instance, in the following 
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figure of a part of the skin of a small worm 
(Nereis). 


» »» 



Kig, I'J -—Half of A crouM w/rtinri throntth tlir hr.vln r.n«i hlmlor |VAir of fy<rs» f»f AVrfii 
€uHf\Jera r.irrlm ) 1 , Hyiu»<l«*rni ; 2, cult< le, 3, retina ; 4 , (hiUt conHml 

tvUa; 6, liJiKT rorneal 6. brain ; >*, >*<t, i»u }>laM‘H i4> wlmii the brain »cu44 

large nervea (9)« but wL« ro the cuticle ia utialtercU , y, geUlinuua buUy. 

Among the Medusa* (jelly-fuslios), also, tho supposed 
tactile organs are ciliated cells (Fig. 13), which scarcely 
differ from tlie other epithelial eells, but which ter- 
luinate externally in a cilia, and internally in a nerve- 
fibril. 



Fig 13 — Cart of ntTve-nng and Uctlb* epiti)olioin of iJzzU (afler HiTtHlg). 

a, Ttctlle ei>iUM:ltum , y, gAugliaulc cell , nr\ upper nervo^ring. 

In other cases, the tactile hairs scarcely differ from 
those covering the general surface. Fig. 14 represents 
part of the skiu of a sea-anemone, the long cylinders 
are nematocysts, or thread-cells— elastic sacs, in the 
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interior of which lies coiled up a long filament, which 
is often serrated at the end. Even a 


very slight pressure causes this thread 
to spring out, and these little darts, 
which are present in immense numbers 
in the sldn of Hy<lrozoa (jelly-fish, etc.), 
sen^o both os weapons of defence and 
also to wound the small animals on 
which they feed. • 

nz represents a nevvo-ccll,and it will 
l>e seen that the hair in whioh it ter- 



minates does not materially differ from 
the rest. 

In the Annelides, also, the general 
surface of the integument (Fig. 15) 



Piagram of 
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nr, lorvouff 
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presents tactile seta? or cilia*, wliieh are scatb axl over 



Hg, 15. — Anti^ri..r part of Ixidy of ftohrmiUa ctfmnta V<*)>luvHky *). 16, Tactile 

^ir I kp^ ; c, cuikU’ ; b, MUtrior pint of bra»u ; a, l yi* ; nr, 

the surface, and especially on the head. In aome cases 

• tmd Morjih, der Oiigocbceteii ” 18S4. 
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these setae are collected into special groups, cither 
situated in cuj)-shai)ed depressions of the skin, or on 
more or less elevated papilhc. Fig. 15 represents the 
anterior j)art of the bfxJy of a small fresh-water worm 
(liohemillu), and shows clearly the small cuticular, and 
the larger tactile, hairs. In other casf^, as in the feelers 
and cirri of the Alciopida*, there are short, shining, 
ovoid rods, to the base of which runs a nervous tibril. 

In the Molluscs, also, the surface of the skin is very 
sensitive, and is generally provided with miiiuto setfc, 
especially on the tentacles, or as in Lamcllibranchiata 
(mussels, etc.), on the edge of the mantle. In some, the 
snail for instance (Helix), the nerves, on approaching 
the skin, have been ascertained to livide into a plexus 
of fibrils. 



rig. 16.~>DiAgTan)tnatlc w>ction through « panUU of touch of Onchidinm (after Serowr). 
o', a", I'wo layers of tUo cuticle, ti, hlcomcx ihlckemM |wrtion of the cuticle; 
6. enlarged epithelial cells , l>', ordiiiary epithelial cells ; c, ccUolar lasiy , d, cells ; 
fi, nerve. 

In Onchidinm, a genus of slugs, Semper describes as 
organs of touch (Fig. 16) certain slight elevations of the 
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skin caused by the cuticle being somewhat thickened. 
Beneath these the epithelial cells are larger than usual; 
and under them, again, lies a cellular mass, the minute 
structure of which ho was not able to determine, but 
which is connected with a nerve. 

On the mantle of the Cliitons are also certain 
wellw.sfined organs, prolsibly of touch. They occupy 
pores in the shells, and resemble obcouical or 8 t)mowhttt 
dice-box shaped plugs of transparent, highly refracting 



Fig. n.— IHagrani of the atr»<turr of the aofl and wime of the hard parla In the 

menttmi of a ahell <>f a ( UUou ( Ararttha/^/rura spintffr), aa ween in a "mh i|un vertieftl 
tr> the wurfacf arxl with, the rnarghi of the shell Ixfrdermg on the girdle lying In thf» 
direction of the left aidfl of the drawing. /, t'alcareoua cornea ; A, Irla ; ff, letia j 
Ic, pigixtcntel CAjMtule of eye; rt, <»pilr nerve, r, r«id* <>f retirut, hrinchew of 
the optic nerve, jierforaling the cftfMiute wall, atnl UTuiinatlng In f/, b', l/\ «X'UlAr 
»rn»e-<»rgans ; p. /», nerv»'ii to <wnae-organ ; m, lasly of w^nw-organ cut acrowii 
a, p, f«aift»rin txwly of #en*M'-organ entire , a, olK-onlcAl tenulaatiou of wctiJKJ- 
organ; t, nerve given off by one tK-nac-^jrgan to another, b". 


tissue. The terminal knobs end in flat discs, which 
show a series of concentric rings, as if com{)08ed of a 
series of concentric layers or inverted cones fitted one 
within the other.* Each one terminates in a nerve- 


Module)'. Quarierly Jmmal of Micro§cofical Bodeiy^ 18S5. 
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fibre* They are of two distinct Bisses, which Moseley 
proposes to call macnesthetes and micrcesthetea 

In many animals, as in ourselves, the outer skin is 
Boft and snscoptible to external impressions. In Insects 
and CruBta(‘(*a on the contrary, the inner skin, or hypo- 
derm, is covered with a more or less thick layer of 
horny substance known as cliitine ; and, from the 
nature of their chitinous integument, it naturally 
follows that tlio sensations .of insects, excepting that 
of sight, are effected by moans of variously modified 
hairs. We know, however, so little, in the first place, 
as to the real means by which animals, including 
man, hear, smell, or taste, and, in the second, as to the 
intimate structure of their minute organs, that we are 
often in doubt, and there are still groat differences of 
opinion whether a given sense-hair serves for hearing, 
smell, or touch. 

The hairs of Arthropoils belong to very different 



rig. of farms of lulm In Inisrctf. a. OnltnArr sti-fare hair ; b, platnoto 

nstatory hair ; c, hair of touch ; d, audiUirj hair ; e, oilactury luUr ; /, U»t« hair i 
», n<?rvc hair. 


categories, some of vvliich we may perhaps distinguish 
as follows: — 

Those under which the chitinous integument is entire. 

1. Ordinary surface hairs (Fig. 18, a). 

2. Plumose natatory hairs (Fig. 18, b). 

Those under which the chitinous integument is per- 
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forated, and a special nerve-fibre runs to the base of the 
hair. 

1. Hairs solid. 

(1) Hairs attached stiffly ; organs of touch 
(Fig. 18, c). 

(2) Hairs atfaelied by means of a thin mom- 
hrane, Botnotimeft plumose; orpins of liear* 
ing (Fig. 18, d). 

2, Hairs hollow, auil either open at the end, or 
closed hy an extremely flidieate niernhnuu*. 

(1) Hairs containing a contliniiition of tlie 
nervous plasma; 
organs of smell 
(Fig. 18, e). 

(2) Hairs generally 
very sleat, ami 
situated in the 
mouth or on the 
mouth part ; or- 
gans of taste 

(Fig. 18,/). 

Each of these classes 
is again subject to end- 
less modilie^itions, and 
others will doubtless here- 
after Ix^ discovered. The 
8(?nse-hitir8 are also often 
more or less cx>mpletely 
sunk in the chitinous in- 
tegument 

Fig. 19 shows some of 
the tactile hairs on the proboscis of a fly (Musca), each 
^seated on a ganglion and connected with a nerve (n). 



I'url "f Ui«' A fly 

aftfr l/yiiig. n, NVrvi*; if, 
t. ttwtiiie fi* n <X 

rodv; >, ujUcle. 
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TACTILE UAIBE. 


The tactile hairs— as, for instance, those on the upper 
side of the proboscis of the fly — are delicate, hollow, 
taperin", |K)inted organs, inserted on a chitinous ring, 
and connected with a nerve which immediately below 
the skin swells into a multicellular ganglion. 



Klg. half of oighih tw-gnmiil of the body of the Urva of a gnai 

; after t[iral>er. F, f/, UaiigUoti , A*, nerve, g, auditory wigUon ; 
gb, auditory ligaiiunt; <% auditory rtnla; a, auditt'ry nerve; t, aUatuioent of 
auditory orgatt h) the akin ; 6, attachnuMit ol auditory' litfatuenl ; Aji, Am', termi- 
lutlon of akln-nervo; fh, plumoat* tactile hair; A, aluiple hair; tg, ganglion of 
Uedile hair , fai, longitudinal muscle. 

The terminations of the nerves and their connection 
with the sensitive hairs are also beautifully shown in 
some of the transparent water- insects. Fig. 20 repre- 
sents part of one segment of the glassy larva of a gnat 
(Corethra phtmicomis), showing the tactile hairs (Fig. 
20, A, tb), and the nerves connecting tliem with the 
central ganglion (Fig. 20, EG). 
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CHAPTEU 11. 

TUK SENSfe OF TAHTE. 

While the organs of touch are sprcuid more or less over 
the >vholo surface, and those of sight and of hearing 
may be, and in fact are, situated in very diffenmt fmrts 
of the body in diHVTeiit animals, the sonse of taste is 
naturally eontined to the mouth or its immediate 
neighbourhood. 

In the case of Man, it resides osjKJcially in the tip, 
the edges of the uj)|)er surface, and tlie back jmrt of the 
tongue, and (probably) the inferior portion of the soft 
palate. The actual mode of termination of the nerves 
of taste has, however, only recently be(*n discovered. 

Lovell .and Schwalbe detected, indejieudently and 
almost simultaneously, in the epithelium of the papilla* 
of the tongue, many small hudlike groups of cells (Fig. 
21) which are probably connected with the ultimate 
fibres of the glosso-pharyngeal nerves. These have 
been supposed to be the B{>ecial seats of the sense of 
taste, and thence termed taste-buds r ” they are in 
man shaped like a ilosk, in some other animals they are 
more slender. In the dog, they a^e *072 of a millimeter 
in length, and *03 in breadth. 

In the pig, the number is estimated at 9500; in the 
•beep, at 9600 ; in the rabbit, at 1500 ; in the cow, at 
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TA8TE>ORGAN« OF MAN. 


35,000. In man they almost touch each other on some 
parts of the tongue, and their number is very great 



Fig, 21.- the ralfUit (afl* r KuK- hnaiui in Strieker*# “Ilaitd iuok X 4&0. 

The “taste-buds” consist of from fifteen to thirty 
long narrow cells, arranged almo.st like a circular bundle. 
Those on the outside lie in close contact with the walls 
of the cavity. The cells appear to bo of two kinds: 



Fig. from the mouth of rmbhit ; b, two cover-cdU and a 

t4Jilo«ct*U In thelr^natural poaltiou [atKcr Kngi^lmann\ x WM). 

the outer ones do not differ markedly in appearance — 
at least, with our present magnifying powers — from 
ordinary epithelial cells, and have not l^n shown to 
be connected with nerves. Those in the centre are 
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more highly organized. Each conusts of an ellipsoidal 
nucleus surrounded hy a thin layer of protoplasm, 
continued downwards into a fine fibril, which sometimes 
branches, and which — though this is not clear — prtibahly 
joins the nervous fibres. The upper process of the 
protoplasm is a narrow cylinder, in some cases prolonged 
at the end into a very delicate hair or rod, 

Schwalbe thought he could distinguish in man and 
the sheep, two kinds of taSte-cclls — firstly, nwdlo cells, 
in which the cell apjwars to terminate in a narrow, 
brilliant needle, abruptly cut oft' at the end; and, 
secondly, staiT cells, which are leas numerous, shorter, of 
uniform breadth, and without 
any terminating needle. It is 
still unknow n whether there are 
diflercut classes of taste-cells 
for different tastes, and whether 
one taste-bud eau distinguish 
more than one taste. 

I know of no detailed de- 
scription of the organs of taste 
in birds and reptiles. In the 
frog tlie taste-organs are not 
flasklike, but are flat disks. 

They occur in hundreds on the 
tongue and soft palate. These 



taste-disks are composed of hk m. — T»niitn»ii«n of iiK* 

1 « - ne-rve* of Uate \u thn 

eeveral forms of cells. Ibose u,,- ramiiuaurm* of 


which are supposed to be espe- 
cially connect^ with the sense » 


thf* nerve. fibre* and tlwir ctjki* 
metnm ’aIiU Uk* o lU of iMbe 
(after Kngelmaan), K WM), 


of taste terminate in a fork, sometimes, though rarely, 
of three prongs. The taste-organs of fishes aro shaped 
like beakers. 
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It will be obeerved that these stractnres give ns no 
help to realize in what actnally consists the sense of 
taste. Wo know that we possess it ourselves. We 
perceive that other animals can select, and appear to 
enjoy, their food, and hence we ascribe to them a 
similar faculty. We know that in our own case this 
sense resides in the mouth, and wo assume that it 
must do BO in other animals; we find in the mouth 
certain structures, and wo infer that to thetn is due 
the sensation of taste. Even in our own case the 
inferences are, perhaps, not very clear, and certainly the 
facts, as yet known, aid us but little in framing any 
definite idea of the pr()cos8. 

But if our knowledge is so imperfect in the case of 
the higher animals, it becomes much more so iu the 
lower groups. 

In tlie Mollusca, Annelida, and lower groups, we know 
scarcely anything of tho organ of taste, fhougli we 

can linrdly doubt that such 
exists. 

Medusa? (jelly-fishes) are 
very sensitive to any change 
in the composition of the sea- 
water ; for instance, they sink 
below 03 soon as it begins to 
rain. It is difficult, however, 
to say which sense is affected. 

In Asterope (a marine worm 
belonging to the Alciopida?), 
Greef has described, in the 
skin of tho proboscis, certain 
peculiar club-shaped, ringed bodies, which taper into a 
thread connected with a nucleated cell Tbeee be 



FI*. «. —Inner Uyt'r of the nkln 
of th^ pTob«»cl» of Asterape can- 
dida, X 400 (aJtier iJrwf). a, 
CoUcio; (nerve) 

orgeat; r. ganglionic ocIIa; <i, 
kniglttHtin^ muade ; e, tran»- 
vcnci muAcle. 
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suspects to be ganglionic cells, and he suggests that the 
organ is one of taste. 

Even in the Cnistacoa (crabs, lolwters, etc.), though 
we can scarcely doubt that they posscas the sense of 
taste, no organs have been yet deseribed to which it 
can be with any eonfidefice ascribed. Huxley, for 
instance, in his work on the Crayfish,* says, “ It is 
probable that the craytish possesses 8t)mpthing ana- 
logous to taste, and a very, liktdy seat for the organ of 
this function is in the upjKjr lip and the tnetastoma, but 
if the organ exists it possesses no structural jwculiarities 
by which it can be idontifie<l.” 

As regards insects, the {xwsession of the sense of taste 
cannot bo questioned, though, except perhaps in many 
Hymenoptera and certain phytophagous insects, it may 
not be of great im|>ortanco. No one who has ever 
watched a bee or a wasp can entertain the slightest 
doubt on the subject. It is, again, probably by taste 
that caterpillars recognize their ffwd-plant Moreover, 
this is partly the efl’ect of individual experience, for, 
when first hatched, caterpillars will often eat loaves 
which they would not touch when they are older, and 
have become accustomed to a particular kind of food.f 
Special experiments, moreover, have been made by 
various entomologists, particularly by Forel and Will. 
Forel mixed morphine and strychnine with some honey, 

• “The Crayfl#h : an Introduction to tho Study of Zoolo^.” 

t A remarkaVdo cobc in afTordoci by tbooo upcrcico in winch tho foixl (4 
tho larm and perfect insect is different, so that the mother has to select 
and find for ber offspring food which she would not care to touch her- 
self. Thus while butterflies and moths themselves feed on honey, each 
species selects tome particular food-plant for the larvie. Again, flies, 
which alto enjoy honey themselves, lay their eggs on putrid meat aisd 
other decaying animal snbstanoes. 
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which he offered to his ants. Their antennse gave them 
BO warning. The smell of the honey attracted them, 
and they began to feed ; but the moment the honey 
t<juched their lips, they perceived the fraud. Will tried 
wasps with alum, placing it where they had been accus- 
tomed to bo fed with sugar. They fell into the trap, 
and ate some, but soon found out their error, and began 
assiduously rubbing their mouth parts to take away the 
taste. 

Will found that glycerine, even if mixed with a large 
prop ortion of honey, was avtuded ; and to quinine they 
had tt great objection. If the distasteful substance is 
inodorous and mixed in honey, the ant or beo com- 
mences to feed unsuspiciously, and finds out the trick 
j)layed on her more or less quickly according to the 
proportion of the substance and the bitterness or 
strength of its taste. 

The delicacy of taste is, doubtless, greater in bees 
and ants than in omnivorous flies or iii carnivorous 
insects. At the same time, the sense of taste in ants is 
far from |)orfect, and tht‘y cannot always distinguish in- 
jurious substancts. Forel found that if he mixed 
phosphorus in their honey, they swallowed it unsus- 
pectingly, and were made very unwell. Some workers, 
he says,^ do Formica pratemia se gorgerent de miel au 
phosphoro que je leur donnai. Aprbs cela elles 
demeurerent pendant de nombreuses heures immobiles, 
les mandibules ^cartees, la bauche ouverte, avec Fair 
trbs obsedees. Celles qui en avaieut le plus maug6 
p6rirent, les autres gu^*rirent pen a pen.’* It cannot, 
then, bo doubted that insects possess a sense of taste, 
the seat of it can hardly be elsewhere than in the 
•“Beceuil Zool. Suisfic.** 18S7. 
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mouth or its immediate neighbourhood ; and in ail the 
orders of insects there are found on the tongue, the 
maxillte, and in the mouth, certain minute pits which 
are .probably the organs of taste. In each pit is a 
minute hair, or rod, which is probably perforated at 
the end. On this [»oint there is, indeed, some dif* 
ference of opinion. Will, for instance, maintains 
that to convey the sense of taste the food must come 
into direct contact with tlio termination of the nerve 
of taste, so that those hairs, or bristles, on the mouth 
parts which present no perforation cannot bo reganled 
as true taste-organs, and probably serve rather as 
guards. Forel, on the contrary, considers this as an 
error. Ho observes, with ju.^tico, that the secretions 
•MO. able to pass through the chitinous membrane 
whicfi terminates the excretory canals of llie glandular 
cells, and be maintains that the chit in is so thin 
and delicate — as well on the surfivce of the taste cones 
and hairs as on the olfactory hairs and plates of the 
antennae of bees and other insects — that cndosmosis 
through this fine membrane may sufficiently explain 
the sensation. 

In 1860 Meinert* described, on the maxillae and 
tongue of ants, a series of chitinous canals, connected 
with ganglion cells, and through them with the nerves, 
and suggesk'd — though with a note of interrogation — 
that they might bo the organs of taste. Forel, in 1874, 
confirmed these observations of Meinert’s, and described, 
at the point of the tongue of Formica praientis, a series 
of seven such chitinous tubc-s. In the following year 
Wolfif published his work, “Dasdiiechorgan der Bicne,” 
which contains a number of valuable oljservations, 
• “Bid. til. de Daiuke Myrer* Natur HUt.” 18 <! 0 . 
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though I am unable altogether to concur in his con- 
clusions. He described a group of minute pits at the 
base of the tongue of the bee, and considered them 
as the organs of smell. It seems to me, however, more 
probable that they serve as organs of taste. Forel * 
also i8dispo8<‘d to regard the«e as constituting, perhaps, 
the most important part of the organ of ta^te, but con- 
siders tliat this sense resides also in certain organs 
scattered over the tongue and the masilltc. Will 
regards the maxillro and tongue as the only organs of 
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Fig. 26.— TA«tc-<irgan of Iho In'#* (after U’olffy /?, Honty ncnsory pltn; 

r, C, i»ktn of tiif month ; /., muM uUr flbrot« ; A, muscular fibres ; 8, a b c 
d <r/, t»ccllou of »kiu of 

taste in the bee. He maintains f that the organs of 
Wolff are deficient in the first requisite of an organ of 
taste, for that there is no orifice through which the food 
could directly enter into relation with the nerve. 

No doubt, moreover, the taste-organs on the 
tongue and maxillre might be of themselves suffi- 
cient, so that (I priori we teed not seek for any 
others. At the same time, as to the existence of the 

• ‘‘Senmitions dc3 Tnsectes,” i?fcv«i7, Zool, 1887. Kraepelia 

alto TOgardt them at the organ of smell, 
t Will, ** Dat Geachmacktorgan der Intekten,” ZeU. fUr Zool,^ 1855. 
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organs described by Wolff there is no doubt, and 
their position certainly seems to indicate that they 
are organs of taste. Moreover, wo aro not, I think, 
sufficiently acquainted either with the essential 
requisites of an organ of taste, on the one hand, or, on 
the other, with the ininute structure of these organs, to 
feel justified in concluding that this is imjK^ssiblc. It 
must bo remeinherfMl that these pits are very minute, 
l^eing only from *003 to *000 of a millimeter in diameter, 
so that it is hazardous to assert that tin y are a rtainly 
imperforate, while even if they aro, 
this would not necessarily prove 
that they cannot be organs of taste. 

Fig. 20 shows three of Wolfl’^s 
cups, each with a central hair, a 
chitinous ring, and a double gan- 
glionic swelling terminating in a 
nerve-fibre, magnified 500 time®. 

An additional reason for sup- 
posing that the Wolffian pits are 
really sense-organs arises from the 
fact that they are fewest in those 
insects which we may reasonably 
suppose to have the sense of taste least developed, 
and increase in number where, on other grounds, we 
may fairly regard it as being probably more highly 
developed. Thus the Chalcididm have often only one 
or two; the Evaneadae, seven; the Proctotrupida?, 
fifteen; the Tenthredos, twelve to twenty-four; the 
common wasp, twenty : some of the great tropical wasps, 
forty; while in the hive bee, the drone has fifty, the 
queen about one hundred, and the worker rather more 
Still, say one hundred and ten» 



Kiff, 2(5, — Sl'oun Ihrri* of 
Wolfl'M ftijw, I'jith HilU k 
C4eiitr;il h«ir. a tlilUrtoui 
ling, and a ffa-nglU 

omc tiM'llIng temauitlnf 
In A ni v too 

tlnvA It. /r. Sd-nfory plN 
andl liiiln*; (*, (i, gAngJionk 
»vn lUf»g of nrrv(^. 
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HUMBLE BEB~WA8P, 


Kraopolin has described at the end of the proboscis 
in the humble bee (Ilombus), besides the l»airs of touch, 
certain peculiar club-shaped hairs, which ho believed 
were perforated at the end, and which he considered to 
bo taste-hairs; and Haller has ascribed the same 
function to some very similar hairs which he found on 
the under lip of the Ilydrachna. 



Flff, 27, — Under uhlo of left ntixliU of 
Vrwjui (nflcr WilU. Uw. Ta-'te-cupH; 
Shm, fmiHvlitig halts; Ti\ tactile hairs ♦ 
iff, batHJ of wax I Mary palpus. 
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throtjgh _ . 

cup (nllor Wiin SK, Support- 
ing cone; -V, iicrM*; SX:, senw- 
ceU. 


Fig. 27 represents (he under side of the left maxilla of 
a wasp (F<^?SJ)a after \Nill, magnified .>;> times. 

Gm are the tusie-cups; Shm, tlie protecting hairs; 
Tbf the (actile hairs. 

Fig. 28 represents a section tlirougli one of the taste- 
cups, Sk is the taste-cone contained in the cup ; it is 
perforated and continuous at the base with a nerve-fibre. 
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Similarly, in the wonderfully l)eautiful and (xnnplex 
proboscis of the hive bee there is, between each of the 
trachea-Iikc ducts, a row of minute pita (Fig. 21), Gs), 
with a central papilla, which have been describetl by 
Leydig, Meinert, Lowjie, Kraeptdin, and others, and 
are probably organs of taste. 

Kraepolin * distinguishes four kinds of hairs on the 
proboscis of tho fly : 

1. Ordinary hairs, which arc not hollow, and do not 
stand in connection with a nerve. 

2. Hairs of touch. These arc 
principally situated on the npjx-r 
side. Q’hey are dclicak*, hollow, 
pointed organs, situated on a ring 
of (he integument, and connected 
with a noiTC. 

3. Glandular hairs. These are 
larger than the former, an<l tho 
chitinous ring is sometimes so much 
develojK'd as to form a short <‘ylin- 
der surrounding the base of tlie 
hair. The principal characteristic 
is, however, that tho hair presents 
along one surface a deep furrow, 
and is connected at the base with a cellular organ. 
Kraepelin therefore considers that tliis is a gland, and 
that the secretion passes outwards along the furrow. 
Kunckel and (iazagnaire however, regard these also as 
sense-hairs. The supposed gland they consider to bo 
a ganglion. 

4. Taste-organs (Fig. 30). These lie in a row between 

* Ki»epelin, “ Znr Anat. nnd Phy*. dc» BuMeln ron Masca,’’ Zeit. 
pkr WU$. Zool^ 1883. 



Fig. 29.- Tip of the proboil' 
cl* In the hite bee { Apl*h 
y 140. L, Terminal 
ladle ; (:», taate-halr* ; 

Sh, gnard-lutra j Ub, 
hwlceil 
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the tracbF‘a-like channels, and correspond to the similar 
organs in t!)e bee (Fig. 29, Gs). Each of these resembles 
u double circle, which scarcely projects, if at all, beyond 
the general surface, and which he regards us a 
metamorphosed, hollow, p rfurated hair. At the base 
of each organ is a nerve, which at some little distance 
fonii.s a multicellular ganglion, and the 
sheath of which, immediately below the 
skin, forms a delicate and short, but well- 
marked, chitinous, cyliiuhw. 

It may also be ol>served, at any rate in 
mo't insc-ct.s, that while they are feeding 
the palpi hung down motionless, and evi- 
dently lake no part in the oi>eratioD. 

In reference to the sense of taste, I may 
also mention that an additional complexity 
arises from the fact that many insects 
IK)38e8s more than one kind of salivary 
gland, tmd it is po.s8ible, as Wolff sug- 
ai g<*st8,* that the secretions may have dif- 

. 30 . -ooftn ferent pro{>orties. In addition to this, 
"1,^1 Wolfl' thinks he has proved that the 
’wjUiii,''”" character of the secretion differs at differ- 
that for many days after the 
arrived at its imago condition, 
nS 'oSm.**™' the glands are still imperfect and gradually 
increase to their full size. In old bees, 
again, according to him, the secretion diminishes in 
quantity. This, perhaps, throws some light on the 
division of labour. Forel has observed among ants 
that they remain for 'some days engaged in indoor 



• “ Dw KiechorgiiD der Bieue.’ 
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duties^ and do not leaTO the nest till some time after 
they have arrived at maturity. 

1 have noticed, also, that some individuals seem to 
possess a finer sense of taste than others, and some light 
seems to be thrown on this difference by the fact that 
the number of the taste-pita is not the same in all indi- 
viduals. Thus Will observed that the number on the 
tongue of Lasius flams (our common yellow aut) varies 
from twenty to twenty-four, and in Atta from forty to 
fifty-two. The number of pits on the maxilla* is subject 
to still greater variations, and is not even always the 
same on the two sides of the same insect. 

On the whole, then, we may conclude that tht? organa 
of taste in insects are certain mcxlifiod hairs situated 
either in the mouth itself or oix the organs imuiediately 
surruuudiiig it. 
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CHAPTER lU. 

THE 8EN8E OF 8MELU 

The organ of sinoll ifi, in vt^i tebrate animals, embedded in 
the mucous membrane of the nostrils, and in mammalia 
can generally be distinguished by its yellow or brownish 
colour. In birds, on the contrary, it presents hardly 
any peculiaiity to the naked eye. For our knowledge 
of the minuter structure we are mainly indebted to 
Max Schultze. The cylindrical epithelial cells in the 
olfactory organs of man (Fig. 31) terminate in broad flat 
ends. Between them are rod-liko filaments, which are 
supposed to expand into a ganglionic cell, terminating 
in a nerve-fibre. Schultze terras these olfactory cells. 

In other cases, as in birds, Ampliibia (Fig. 32), etc., 
the olfactory cells terminate in fine cilice, or olfactory 
hairs, either one or many to each cell. These hairs 
are sometimes motionless, sometimes have a slight 
movement of their own. It is obvious that no one from 
the structure alone could have predicated the function; 
nor can we, I think, form to ourselves any satisfactory 
conception how such a structure conveys the impression 
of smell, or in what consist the differences between 
different odours. 

If, then, we know really so little as to the mode, or 
organs, by which the sense of smell is induced among 



PROTOZOA ANT> CCELEKTERATA. 


33 


the hipher animals, we ctinuot wonder that in the 
lower groups our knowledge is still loss. 

In the Protozoa and Cof>lentorrtta no organs have yet 
been met with to which this function can with any 
confidence be ascribed. 



/im. ns.— OclU f'rr>ni olfaftory 
Strlrk«'r, aIUt of a i>rof<fUft (aftrr .Sirtekfr), 

w i ; fc, Uio j 
prtHO'WJc* , c, ulfadory 
ClUrf*. 

Meyer has described,* in Polyophthalmus (a small 
marine worm), on each side of the bead, two ciliated 
organs (Fig. 33), which have been supi)osed to be organs 
of smell. These had been already mentioned by 

* “Zur. Aiiai. und HUt. vou rolvophthalmuis,” Arch, fiir 
, 1 S 82 . 
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Be Quatrefagos, who compared them with the ciliated 
wheels of Ihjtifors, and thougiit that they produced 
currents in the water, thus urging microscopic alg®, 
infusoria, etc., to the mouth of Uie worm. Meyer, on 
tho contrary, witli more probability, regards them 
us oll'uctoiy organs. They are slight depressions 
(P'ig. 33) in tho general surface, lined with j>eculiar 
long cilia;, supplied with a large nerve coming from 



33.--S<H*tlon through thr htNul a.*gtn<*nt of l*olyopliithalinu.a. y 300 (tfter Mt^yer). 
Imd^ inu(H-)e ; bo, cu|»>«h^ll>«^l org»n ; cu, rutklo ; hp, hyjxwkmt ; Imd, iongltu- 
tlinal ilurHitl uoiat l*’; ti, jkoriphcrttl iirrvc , cz. c iTtinuwurc of bratn ; mb, 
brnur* , ;>f/n, pigm* uukellulai gland;* in tht.' hyjxxlenu , (pn, brain ; 

Ir, nuclei In the hraiu. 

the cerebral ganglion Similar pits occur in many 
other Annelida. They difl'er in number; Polyoph- 
thalmus having only a pair, the Capitellida; several. 

In the Mollusca, the hinder pair of tentacles have 
been supposed by some to serve as olfactory organs. 
In the cuttle-fish (Cephalopoda) there are certain pits, 
at the base of which is a papilla, supplied with a nerve, 
which is perhaps olfactory.* The true function of the 
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orgmR described by Hancock in Gasteropods, and by 
Leuckart in Pteropods, os olfactory, seems very doubtful 

As regards the seat of the sense of smell in inseetSp 
there have been four princij>al theories. It has been 
supposed to reside — (1) In the spimcles, or breathing 
holes ; (2) in the neif:;hbourhood of the mouth ; (3) in 
the antenna) ; (4) in different parts of the body. The 
history of the question has been well given byKraopelin 
in an admirable memoir, “ Ueber die Geruchsorgane 
der Gliederthiere.'’ * 

Sulzer, in 1761, f suggested tliat the organ of smell 
was probably to be found in the neighbourhood of tho 
spiracles, or breathing-holes. It is hardly necessary to 
observe that insects do not breath as we do, through 
their mouths, but through a series of orifices along tho 
sides, loading into trachese, or air-tubes, which ramify 
throughout tho body ; so that the bloocl is aerated, not 
in one special organ, but throughout its course. Now, 
it is important that a more or loss continuous current 
of air should pass over tho surface of the organ of 
smell, as it is in this manner brought in contact with 
the odoriferous particles. In man and tho other air- 
breathing vertebrates, the combination of the entrance 
to the lungs with tho nose and mouth offers great 
advantages. The olfactory organ is brought close to 
the mouth, where it is especially useful in the exami- 
nation of food ; while the continuous current of air 
necessary to respiration is utilized in tho production 
of sound, on tho one hand, and in bringing odoriferous 
particles to the organ of smell, on the other. 

• Scpaiat Abdruck aua dom 0»U.rprojramm dor EealscLule del 
Johanneum/’ 1883. 

t ** Geeohichie dear loeekten.*’ 
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In insects the separation of the month from the 
respiratory orifices is, in this respect, a dis- 

advantage. Still, it was not unnatural to look for the 
organ of smell in the neighbourhood of the spiracles, 
Sulzor’s view was supported by Von Eeimarus, Baster, 
Dumoril, Schelvir, and especially by Lehmann,* who 
lays it down as a general proposition that every organ of 
smell is to l)e sought near the orifices through which 
animals breathe: Omnibus olfactus organon in iis 
locis qumrendum est, per quos inspirent."’ 

The most careful observations, how’ever, have failed 
to detect in the neighbourhood of the spiracles any 
special 8uj)ply of nerves, or any organ which could be 
supposed to serve for the perception of odors, and I 
believe this vie\v may be said to bo now generally 
abandoned.! 

Treviranus J suggested that the organ of smell was 
situated in the mouth, and ho lias been followed by 
Newport, Wolff, Kirby and Spence, and Graber, The 
descriptions they have given may be accepted as 
correct, but the organs they describe in the mouth 
itself are rather, I think, to be ascribed to the sense 
of taste than to that of smell. 

Lyonnet, Boiisdorff, Marcel do Sorres, Newport, and 
others, believed that the sense of smell resides in the 

♦ Lohmann publiahoii three memoirs on the subject : ^ Do Sensibufl 
Externi* Animalium Exsanj^uium,” 1798; “Do Antennis lusectorum 
Diseertatio/' 1799; and “Do Antennis Insoctorum Dissertatio Pos* 
torior/^ 1800. 

t Joeepb, indeed (“ Bericbt dor 50 Vers. Deutacher Nat. und Aerzte. 
Munohen,” 1877), Btipp(‘rted this view in a short communication, and 
haa promised fuller details. These, however, have not, I believe, yet 
i^ppeared. 

X *‘Uol>er das Sauf^ und das Oeruchsorgan der Insektcn,** Ann, 
der WeUer Oes., 1812, 
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palpi, although the experiments of Perris, Plateau^ 
Ford, and others, have conclusively proved that it 
is not situated exclusively in them. 

The credit has been tiscrilnxl to llcaumur of having 
been the first to suggest that the sense of smell is 
seated in the antennie. This view has been adopted 
by Lesser, lloesel, Lyonnet, Bonnet, Sulzer, Latroillo, 
Burmeister, Lefevre, Eriehson, Dugos, Perris, Dufoiir, 
Slater, Vogt, Ford, Lowiic, Hauser, Kraepdin, Schio- 
menz, and other observers, and my own observations 
lead me to the same conclusion. 

Many entomologists, indeed, including Scarpa, Schnei- 
der, liolkhausen, J>onsdorff, Earns, Strauss-Durckheirn, 
Oken, Kirby and Spence, Newport, LanJois, Hicks, 
Wolfl', and (J ruber, have considered that the antennoo 
servo as ears. These two views are, however, not 
irreconcileuble, and the truth seems to bo that, while 
organs of smcdl and of hearing, when present, may bo 
both situated in the antenna}, they are not in all cases 
confined to them. 

Comparetti * seems to have been the first to suggest 
that the organ of smell might not bo seated in the 
same part of the body in all insects ; he suggested the 
antenna} in certain beetles (I^imellicornia), the pro- 
boscis in butterflies and moths (liOpidoptera), and 
certain frontal cellules (the existence of which has, 
however, not been confirmed) in locusts, etc. (Orthop- 
tcra), as the probable seats. 

The real manner in which odors are perceived, and 
the structure of the olfactory organs, is still so little 
understood, that experiments are perhaps more con* 
elusive than anatomy. 

• “ Do aurc iateroa compiiraU-Patavii/' 178i>. 
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TLo oldest experiments of importance are those of 
Lehmann. Ho bored holes through bottles, and then 
inserted into them the abdomen of various insects, filling 
np the interspace with w'ax, and leaving the head and 
thorax outside. lie then introduced into the bottle 
various powerful odors, such as burnt feathers, assafee- 
tida, burnt sulphur, etc., and as these caused obvious 
movements of the body, he concluded that the insects 
perceived the smell by the membrane surrounding the 
trache®. The facts have been verified by subsequent 
observers, and are themselves doubtless correct. They 
do not, however, prove Ijchmann’s case, for similar fumes 
would, as Duges and Perris justly observe, produce an 
irritation in our throat, where there is certainly no 
sense of smell. On the other hand, when substances 
which have no such irritating properties are used, as, 
for instance, honey in the case of a bee, decaying meat 
with a carrion-eating beetle (Silpha), and so on, no re- 
action has been perceived. On the whole, experiments 
lend no countenance to Suker’s theory (see p. 35), 
and, in the absence also of any anatomical evidence 
in its support, it has, I believe, now no advocates. 

I pass, then, to the second theory — that which 
considers that the organ of smell is situated in the 
mouth parts, either in the mouth itself according to 
some authors, or the palpi according to others. We 
have, I think, no clear evidence that the mouth itself 
possesses any organ of smell. Huber, however, observed 
that whUe, if he brought close to the mouth of bees 
substances which were repulsive, or others which 
wore acceptable to them, such as honey, they were evi- 
dently affected ; this was, on the other hand, no longer 
the case if the mouth parts were stopped up with paste. 
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Perris, on the contrary, found that even when the 
whole of the mouth parts were enclosed in gum, insects 
still retained the power of smell. These observations 
have been entirely confirmed by Forel and other 
observers. The explanation, I believe, is that Com- 
paretti was right, and that the sense of scent is not 
confined to one part of the body ; that, while it is pos- 
sessed by the palpi, it is not confined to them. 

It has long been observed that insects use their 
antennse to examine and test their food. This is clearly 
not an act of hearing ; nor has any one suggested that 
the antennm are organs of sight or taste. It is obviously 
more than more touch — indeed, they do not need to 
come into actual contact — and is, therefore, probably 
that of smell. 

This conclusion has been confirmed by many ex|>eri- 
ments. Among those of the older observers some of the 
most important were made by P(*rris.* In Dinetus, a 
genus of the solitary wasps, the female, when absent in 
search of prey, covers over the orifice to her nest with a 
little sand. Perris selected two nests, and while the 
wasps were absent he disturbed the surface round one 
nest with a piece of stick, and laid his hand (which was 
rather warm) over the other. The first Dinetus was a 
little disturbed. She ran about, rapidly vibrating her 
antennae, and was, [perhaps, rather longer than usual in 
finding the entrance, but lost very little time. The 
other, he says, Se trouva do prime abord, beaucoup 
plus embarrass^ : ma main, dont Tetat do moiteur avait 
rendu lea Emanations beaucoq|) plus actives, avait 
laissE sur le sable une odeur qui semblait rEtonner, et 

• **8iir le da Todorat dana loi artlcul^^ Ann. Bci. NaLp 
1S50. 
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qu’il cherchait k reconnaitre: car lorsqu’il arriv&t a 
rendroit quo ma main avait couvert, il ralentissait sa 
marebe, et sos aiitounes palpaient rapidemeut le sable, 
Le pauvre iusecto s’^puisait en marches et contre- 
marches ; il passait par dessus son nid sans s’en douter ; 
il crousait fa et la avec ses pattes de petites fosses, dans 
lescjuclles il plongeait ses aiitennes pour explorer les 
couches inferieures; il s’arretait pour brosser ses 
autonnes, commo on so frotte les yeiix quand on so 
sent eliloui : rien n’y faisait. Decourage, il prit son 
Vol ; rnais il revint (pielques instants apres et recom- 
meiifa ses recherches. Cetto fois, soit qu’il fut mieux 
dispose et quo les antennes qui etaient evidemmeut 
Tagent exjdoruteur, fussent jdus perspicaces, soit plutot 
quo le soloil qui etait ardent eut fait 6vaporer les 
emanations de ma main, il parvint retrouver son nid, 
inais il y mit bien du temps et de la patience/* 

IVrris also repeated Lehmamrs experiment, only 
that he inserted the head of the insects into the bottles 
instead of the body; he then satisfied himself that 
they perceived odors, and hence concluded that the 
sense of smell resides in the head, partly in the antenna?, 
and partly in the jmlpi, 

Newport, on the contrary, maintained that the 
antenna? possess no sense of smell. He ex|>erimented 
on a water-beetle, Ihjdaticus cinereus, which, he says, ** I 
had purposely confined for three days without food in 
a cup about half filled with water, and, at the expiration 
of that time, attached a small ])ieca of raw flesh to the 
end of a wire, and carried it several times along the 
sides of the insect, particularly near the spiracles, where 
it was suffered to remain for a short time. The insect, 
however, did not appear to perceive it, but during the 
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whole time remained in the water perfectly undisturbed. 
The flesh wjis then carried very near to one of the 
anteunm, but without exciting the slightest motion in 
that organ, while the insect began to move its palpi 
very briskly, as if it detectml the presence of something; 
but continued, in other res{)ects, motionless as before. 
The flesli was then brought in direct contact with the 
antennm, and the insect immediattdy witlidrow tln^m as 
if minoyed, as in the experiment with the Silphu. It 
was then carried exactly in front, and at about tho 
diHUineo of an inch. The palpi were iu'^tantly in rapid 
motion, and the creature, darting forward, seized the 
flesh, and began to devour it most vorocioirsly. Tho 
following day the experiment was repeated several 
times, and with precisely tlie same result; but on this 
occasion the untennio vv(*ro so repeatedly touched with 
tho flesh, that the annoyed insect k(‘pt them at last 
beneath the sides of the thorax. Hence 1 think it 
must appear that, from there being no alterations in 
the motions of the insect when the food was hold 
near the sides of its body, the sense of smelling does 
not reside in the spiracles, nor, for like reasons, in 
the antennje; while, from the motion of the palpi 
and the avidity with which the insect darted upon the 
food when held in front of it, it seems but fair to con- 
clude that the sense of smelling must certainly reside 
in the head, as above suggested.” • 

Again, he took a Silpha (one of the carrion-eating 
beetles), and, •‘placing it in a glass, attached a 
small piece of flesh within haH* an inch of it The 
antenna), as is usual with these insects, continued to 

• Ki'wport, ‘*On the Antenu® of InitecU,*' Tramadioni of tlie Enic^ 
milogkal SocUly, 1837-1840. 
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be moved about on either Bide, but with nothing 
remarkable in their motionB, while the head of the 
insect was a little elevated and carried forwards, as if it 
perceived the flesh, and the palpi were in rapid vibra- 
tory motion. It soon approached very near to the food, 
and at Ien{?tb touch ckI it three or four times with tlie 
anfonnm, but each time suddenly withdrew them as if 
they had fallen unexpectedly on something obnoxious, 
the palpi during the whole time continuing their motion. 
The insect at length reached the food, and, after having 
touched it once or twice with the extremities of tlio 
palpi, their motion ceased, and it commenced feeding, 
while the antennm were occasionally in motion as 
biifoTe.** It would certainly seem, therefore, that in 
these insects, at any rate, the sense of smell resides 
principally in the palpi. 

Newport made certain other experiments on the 
powers of hearing of insects, which I shall mention in 
the next chapter, and he concludes, ‘‘These facts, 
connected, with the previous experiments, have eon- 
vincod mo that the antennm in all insects are the 
auditory organs, whatever may be their particular 
structure, and that, however this is varied, it is appro- 
priated to the perception and transmission of sound.” 

Newjx)rt \vas an excellent observer and profound 
entomologist, and I see no reason to doubt the correct- 
ness of his observations ; nor, indeed, of his inferences, 
so long as we confine them to the species on which the 
observations were made. They may prove that some 
insects possess no sense of smell, or that, at any rate, 
it does not reside in the antennse. On the other 
hand, they cannot disprove the positive results obtamed 
by other observers, that in other species the opposite is 
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the case, and that in them the sense of smell does 
reside in the antennm. 

That the stag-beetle can smell seems clearly proved, 
but Landois found * that, after the removal of the 
terminal plates of the antenna?, the insect still possessed 
this faculty, whence he concluded that the sense of 
smell must reside in some other part of the body, and 
that the antennae probably serve as organs of hearing* 
This does not, however, prove that the sense of smell 
does not reside partly in the antennae. 

Forol removed the palpi and mouth parts of a wasp, 
and she appeared to perceive the presence of honey as 
well as before. 

I myself took a large ant (Formica llgniimnla)^ and 
tethered her on a board by a thread. When sho was 
quite quiet, I tried her with tuning-forks; but they 
did not disturb her in tho least. I then approached tho 
feather of a pen very quietly, so as almost to touch 
first one and then the other of the antenna?, which, 
however, did not move. I then dipped tho pen in 
essence of musk and did the same ; the antenna was 
slowly retracted and drawn quite back. I then repeated 
the same with the other antenna. I was, of course, 
careful not to touch the antennm. I have repeated 
this experiment with other substances with several 
ants, and with the same results. Perris also made tho 
same experiments with the palpi, and with the same 
result ; but if the palpi were removed, the rest of the 
mouth gave no indications of perceiving odours. 
Grabert also has made a number of experiments, and 

• • Da« Gehororgan de* Hirschkiifers,*’ Arch. fUr, Mic. Anal., 1B6S. 

t “Vcrgl. Grandrersaohe fiber die Wirkang und die Aafniduiie- 
•kllen ehcmifioher Bdxe bel den Thieren,*’ Bid. CeniralUaU, 1885. 
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found that in some cases (though by no means in all), 
insects which had been deprived of their antenna) still 
appeared to |X)8ses3 the sense of smell. But if, as vve 
have, I think, good reason to 8upjX)se, the jx)wor of 
smell resides partly in the palpi, this would naturally 
be the case. 

He also tested a beetle, Silpha thoracicay with oil of 
rosemary and assidVetida. It slowed its perception 
by a movement in half a second to a second in the 
cMise of the oil of rosemary, and rather longer — one 
second to two seconds — in the case of the assahetida. 
Ho then deprived it of its antennae, after which 
it showed its perception of the oil of rosemary in 
three seconds on an average of eleven trials; while in 
no case did it show any indication of perceiving the 
assafeetida even in sixty seconds. 

This would seem to indicate a further complication — 
not only that both the antenum and the palpi may 
possess the sense of smell, but also that certain odours 
may be perceived by the former, and others by tie latter. 

Graber questions some of the experiments which 
seemed to me * to demonstrate the existence of a sense 
of smell in ants.f 

* “Ante, I3 co 8, uiul 

t Ho says, “Ha Lubbwk iioch hinzufui::^!, dues keiner, dor daa 
Benohmeii dor AiuoLson unUa- diotou Uiubtundcii bcobachtcu wiirde, 
don goringbten Zweifol an ihrem U< ruchbTormdgen Labea kdunte, 
valilto ich aiich dioso Methode, urn zu erforacheu, wio sich etwa dor 
Fiihler beraubte AmeUon vtrhalten wurdon. Ich war niebt wenig 
tibernificht zu findon, dass auch dicao (ca haiidelt sich um Formica 
rufa) vor dem Kicchobjekt umkolirten. Um ganz sicher zu gehen, 
versuchto ich’s aber noch mit dem gleichen Arrangement aber mit 
Wegla$fiung dee RiechHoffe$y uud aiche da ! eie kehrten auch jetzt noch 
um ! Boi genauerer Boobachtung dor von einer Ameiac vom Anfang 
an auf dom Papiersteg zurhckgelcgtcn Strocke stcllto sich auch bald 
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I fastened a strip of paj)er in the air by means of two 
pins, 8U8})onded over it a camers-hair brush eontaining 
scent, and then put an ant at one end. She ran forward, 
but stopped dead short when she came to the scented 
bmsh. Grabcr suggests that she did so from 
giddiness, but I am siitisfied that this is not so* 
Ants which habitually climb trees arc not likely to 
be affected by any such sensation. In my experi- 
ments, whether the bridge was high or low, broad or 
narrow^, made no difference to them. IMoreover, in 
each case they stopped exa(*tly when they came to the 
scouted pencil. Again, Graber has not observed that 
I expressly stated that “ after passing two or three 
times, they took no further notice of the scent;*’ 
nor did they notice the cuiners-hair pencil unless it 
was scented. 

As regards flies (^fusoa), Forol removed the wings 
from some bluebottle flies and placed tliem near a 
decaying mole. They immediately walked to it, and 
began licking it and laying eggs. Ho then took them 
away and removed the antennoe, after which, even 
when placed close to the mole, they did not appear to 
perceive it. 

Plateau also* put some fo(xl of which cockroaches 
are fond, oii a table, and surrounded it with a low 

berauB doss ea eioh bei dem gewiasen Umkohren ledigtich urn oin 
versucbflwcUcB Absclirciten oder Augprobiren de» unKkftuntcn Wf‘ge« 
bandelte, oder duA gicli die Araeiaen iiliulicli bench ra^tn wie wir 
wcun wir etwa auf einem Bchwanken Bretto eino tiofe GehirgAkluR 
iibersebreiten sollen." 

Orttber*A ob«ervation ia, I doubt not, quite correct; but hia inference 
if not, I think, well founded, nor waa bia ex|)eriaicnt the same aa 
mine. 

^ • BvdL de la Soo. L'nt. Belgique^ 1876 . 



46 SEAT OF SMELL PABTLY IN AKTENNiR. 


circular wall of cardboaird. He then put some cock- 
roaches on the table : they evidently scented the food, 
and made straight for it. He then removed their 
antennm, after which, as long as they could not see the 
food, they failed to find it, even though they wandered 
about quite close to it. 

On the whole, then, the exj^eriments which have 
been made seem clearly to prove that in insects the 
sense of smell resides partly in the antennte and partly 
in the palpi. This distribution would be manifestly 
advantageous. Tlie palpi are more suited for the ex- 
amination of food ; while the antennm are more con- 
veniently situated for tlie j)ercei>tion of more distant 
objects. 

We will now glance at the antenna) and palpi 
themselves, and consider briefly the structures which 
are supposed to give the sensation of smell. For 
tliis three conditions are requisite: (1) an appropriate 
nerve; (2) free access to air; and perhaps, though 
this is not so clear, (3) a fluid which can dissolve the 
odoriferous substance. 

The olfactory organ in Vertebrata consists, as already 
mentioned, of a mucous membrane containing (1) 
cylindrical epithelial cells, with a broad, flat termination 
at the free end ; and (2) of rod-like filaments which, 
some little distance below the surface, swell out into 
a nut-shaped expansion, and then contract again into a 
fine thread, which is probably continuous with the 
fibrils of the olfactory nerve. 

In Insects and Crustacea the conditions are different. 
The cellular ‘‘underskiu,” or hypoderni, secretes a hard, 
horny envelope, and the terminations of the olfac- 
tory nerves are enclosed in a horny tube with a 
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ten&iiud perforation, or project as free threads. 
They differ, again, between themselves, Insects being 
as a general rule aerial, and Crustacea aquatic. 

Erichsou* has the merit of having beou the first 
to support this theory by unutoniical examination. 
Newport had previously nicntionoil the existence in 
many insects of certain pits, or “ pores,” closed by a 
delicate membrane, and which he rogardiHl as the seat 
of hearing. Ericlison extended his obw^rvations, and 
Buggesteil that the pits were rather to bo regarded as 
organs of smell, ilis descriptions were continued by 



Burmeister, who, moreover, detected in some of these 
“ pits ” the pre.senco of a small knob, or hair. 

In 1853 I called special attention to the antennro 
of certain Crustacea, distinguishing five kinds of 
hairs — (1) short, downy hairs; (2) plumose hairs; (3) 
cylindrical, tapering hairs; (4) flattened, lanceolate 
hairs; (5) wrinkled hairs — ^and ftointed out that they 
were by no means scattered indiscriminately, but 
arranged in definite situations, indicating 8{>ecial 
fimctions. The two last I was di8jM)sed to regard 
as sense-organs. The above ia a figure of the right 
male antenna of Pontella Bairdii, one of the Coj»e- 

* ** Do Fabrics ©t tiro Antcuu&rum In Inaeciii/* 1B47. 
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poda, from one of my memoirs in that group/ and 
shows tlie curious clasping organ. 

^ Lcydig, in his beautiful work on the Daphnido?, and 
more fully in a special memoir on the subject/ de- 
scribed certain organs whi(‘h had been also mentioned 
by La Vallette. 1 give below his figure of the 
tonninal segments of one of the smaller antenna) of 
the water-woodlouse [Amllus aquaticus) magnified 500 

times. It will be seen 
that there are three 
kinds of appendages — 1. 
Ord inary stiflf, cylindrical, 
tapering, pointed hairs, 
which are not connected 
with any nerve. 2. Pale, 
cylindrical hairs, with a 
blunt termination and a 
tuft of fine setm. These 
hairs are connected with a 
nerve, and Lcydig regards 
them as organs of touch. 
3, Peculiar cylinders, of 
which there is one to each 
segment. They are com- 
posed of three parts, 
the middle one somew hat 
wider than the others. The lower third is strongly chiti- 
nized, like the ordinary hairs; the other two are more 
delicate. At the free end he observed, in some cases, 
a group of very fine, short hairs. At the base of 

• Ann, and Mag. of Natural Ilitiory^ 1S53. 

t “Uober Gemchs imd Gehiirorgaiie tier Krt‘bsc und luBekten,” 
r., 18(50. 



Flp. 35.~Termin«l wojnnnf'ntft of om* of the 
umallor miU'tin.v of tht* waU*r-\^oo<HouMe 
(AsrI/ujf \ 500 (ftflor 

a. Ordinary hairs (not cotin*ct<‘tl with a 
nerve); h, senHitlve hairs (with a nerve at 
the base) ; c, special e\ilndor» (olfactory 
cylinders). 
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eacb cylinder is a nerre, which apparently swells into 
a ganglion. 

Leydig described similar organs on the antennee 
and palpi of various other Crustacea. They have 
obviously some special function, and ho suggests 
that they are olfactory organs. It is interest- 
ing that, in certain specie which live in subter- 
ranean waters and have lost their eyes, these olfactory 
cones are unusually developed. Tluty are much larger, 
for instunce, in AstUtis cai'aiicns aud Qummarua 



Fig. 30. — Tip of the Anti‘nriaof a cent {Julut t<rtr»tru), y COO (afUr I/’ydigX 
At the apex an* four olfactory cylimlerM, a few of wUxb arc aUo neon oti Uit> fol- 
low log segmeut, auioug lUe (miiuary lulrs. 

piUeanus, which live in the dark and are blind, than 
in Asellus aquaiicns and Gamnvariis pulex or 0. jluviatiliB, 
Fig. 3G represents the end of the antenna of a centi- 
pede {Julus terrestris). There are four olfactory 
cylinders at the tip, and several are also seen on the 
following segment among the ordinary hairs. In this 
species the cuticle of the cylinder appeared sometimes 
as if wrinkled, and Leydig believes that the end is 
open.^ Similar cylinders occur in Scolopendra, Glo- 

* Loe, dU, p. 286 . 
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neris, and other centipedes. He also described similar 
cones in certain insects. 

Further details with reference to the structure and 
arranfjement of these bodies have been given by Claus, 
Sara, Weissman, Kougemont, Gamroth, Heller, Hensen, 
Hauser, and others, who have also ascribed to them 
this function. In Claus’s opinion, tlie nerve itself 
enters these bodies. On tliis point, however, there is 



Fiff. 37.— Eml of « palpus of Staphy- 
Untu erytfifoptrrus, > 600 (after 
liCyUtg). a, OHaciory pit. 



Fiji 3S.— Tart of aitlcnnA of Oa/ftVifiat<a tub- 
trrranm 6, OlUrtury Ualra , g, peculiar 
cur\eU baira. 


still much difierence of opinion. At any rate, it seems 
to bo established, by the most recent observations, that 
even if the cones are in some cases closed at the end, 
they certainly remain open in others. Similar organs 
also occur in the palpi (see Fig. 37). 

Kraepelin describes other peculiar forms of hairs to 
which he ascribes the perception of smell, as occurring 
in all the stalk-eyel Crustacea (Podophtlialmata). 


OLFACTOBY HAIBS. 
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These olfactory hairs are partly round (I’ontonia), 
partly flat (Pagurus) ; the end is described as being 
sometimes simply o|)en (Fig.39,a,i!i),8ometirao8providcd 
with a small cone (Fig. 31), c, d, e). Tl>c number of these 
hairs is often very considerable. Moreover, they them- 
selves sometimes bear, near the base, a number of very 
fine bristles (Pagurus). There can, I think, be no doubt 
that these hairs are organs of sense, and it is probable 
that they are olfactory. The antenna of Calliauassa 
(Fig. 38) also bears another remarkable series of long, 



ng- 39.— Termlnatb»tH of ulfau t^ry lialr^ of (‘iuh 14 l«*a. a. Of Urv* (.f a Pala^mui) ; 
b, of A raguriis; c, of a J^Uiiiolhercs \ d, of n. S<jullU ; r, of » I’ontonia. 

thin, movahlo, but stifT and hooked hairs (Fig. 38, g), 
which also stand in direct connection with the nerve, 
and hare probably some sense-function. 

In many cases the sense of smell is connected wdth 
minute depressions in the integument In spiders 
Dahl has df scribed a structure in the maxilla which he 
believes to be olfactory. The skin presents a number 
of minute orifices, under which lie elongated cells, each 
terminating in a nervous fibril.* 

Leydig also mentions t the existence of small pits on 

* ** Das Gchor-und Ceruclusor^aD der Spiouin,” Arch, fur Mic. 
1S85. 

t •'Ufcber Geraohi) and Gebdrorgane der Krebie and 

“ ' , 18 iK>, 
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the antenncB and mandibular palpi of the crayfish 
{A$tacu8 fluvicUilu) but I do not find any further 
description of them. On the other hand, in insects they 
play a more important part, and it will be convenient 
to describe here very briefly the various structures 
occurring on and in the antennaD of insecis, although it 
is not to be supposed that they all serve for the sense 
of smell. Ncwjwrt* alludes to the “ pits”; but they 
were first described by Erichsonf; while Burmeisier^ 
suggested that there are two classes — those containing 
a hair, and those in which there is none. The pits are 
only found in certain regions, and have certainly some 
specific function. In the stag-beetle (Lucanus cervm) 
the terminal plate of the antenna shows two large pits, 
one on each side, and nearly opposite one another. In 
other Lamellicorn beetles, as, for instance, in the cock- 
chafer {Melolontha vulgaris), they are very numerous. 
Le8t>es§ supposed them to be closed sacs, each containing 
an otolithe. They certainly do present this appearance, 
but the existence of any otolithe has been conclusively 
disproved by Claparede,|| Claus, Hicks, and others. 

Graber thought IT that he had discovered on organ 
of hearing containing an otolithe in the antennae of 
certain Diptera. Mayer,* • however, has since examined 

• Transaciiont of the Entomological Society of London^ toI. ii. 

t “ De Fabrica et usu antennarum in Insect is.” 1847, 

X **Beol). liber den feineron Ban der Fublcrfachur der LameUi- 
cornier.” 1848. 

§ enr Tappareil audltif dea Insectes,” Ann. Sci. Nat , 1858. 

I **Sur lo8 pnftoudus organea andilifs dos Antennes cbez les 
Ool<k)ptire8,** Ann. Sci. Nat., 1858. 

Y “ Ueber neue otocystenartige Sinnesorgane der Inaelrten,” AreA 
fur Mic. Anat, 1879. 

** Sopra oerti organ! di Senso nolle Antcnne dei Ditteri.” BeaU 
Aeo. dei Linoei, 1878-79. 
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them, and it appeara to bo really a sac lined with sense' 
hairs. 

Hicks * described the structure of the antennae in a 



a 


Fig. 40. -Antenna of blowfly (aa<*r HIcka) a. Enlarged third segHMitd, ahowteg 
pita ; r, base of the auteniia. 


considerable number of insects. On the antenna of the 
blowfly (Musca ; Fig;. 40) he found no less than 17,000 
perforations, each leading into a small sac, besides which 


Tran$ae({on$ of the Linnean Society ^ 1857 - 1859 , 
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there are larger orifices leading into more complex de- 
pressions! apparently arising from the confluence of a 
number of thesimple sacs. At the base of these large sacs 
are a number of papilhe, or small hairs. In the dragon- 
fly, each segment of the antenna contains a large con- 
voluted sac. Tlic sacs, in fact, vary much in number, 
size, and form, but Hicks considered that ‘‘they all 
possess the same elements, and are formecl on the same 
principle.'’ In many cases he traced a nerve to the 

base of the pits. He considered 
that they were generally, if not 
always, closed in by a deli- 
cate membrane, which, indeed, 
sometimes projectc‘d in a 
hemispherical, conical, or even 
hair-like form. 

The minute structure of the 
pits was furtlier studied by 
Leydig in 18G0. lie describes 

Kig. 4, .-on. H-.p..nt »f tb. .... “8 of tho integnmeiit 

“ lcbneun.o.. {..fior jj, wliicli tlio cbitine is very 

thin, and more or less depressed, 
with a hair in the centre. Tliis hair may be even 
reduced to a mere ring. 

Hicks also called attention to a remarkable speciality 
in the antennm of tho Ichneumon.s, tlie true nature of 
which he did not, however, correctly ascertain. He 
describes tho appearance presented as that of a great 
number of narrow inverted canoes, with a keel-like 
ridge, and each inverted over an oval perforation. He 
regarded these as consisting of a tliin transparent 
membrane. Subsequent observations, however, have 
shown that each sup^qd ^anoe-shaped membrane is, 
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in fact, a fine hair, inverted over one of t)io usual 
pits. 

In 1880 Haufw'r published an excellent memoir* 
on the olfactory organs of insects, from which I have 
taken Fig. 42, representing a section through part 



Fli?. 42 .— Section through part of ih^ antenna of a wasp f after Hanacr), x 430. 
Cll, rhlilnous skin; Z, olfactory rone; (l, olfactory pit; Tit, tactile halnii U, 
hypiMlermfc colls ; J/, tho mcrubrane surroumllntf them ; K, nm I« I of the olfiso- 
tcry cells ; K„ remains u( the earlier upper nucleus ; SK, lower circle of rod* ; 
jRS, olfadory rod ; (tZ, Gelsaclr.elle ; MZ, membrane forming cell ; JU, membrane 
clofing the pH. 


of the antenna of a wasp, sliowing two of the 
olfactory cones, one projecting beyond the general 
surface. They terminate above in a fine rod, below in 
a nerve-thread, and present a double series of ridges. 

• “ Phjri. UDd Hint. Unt. 0. die Oerachsorgane dcr iMckten,” Zeit, 
/Sr Wiu. Zod., 18 « 0 . 
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Eraepelin* and Sazepinf bare also published valuable 
memoirs containing many interesting details. 

The hairs of the antennee, then, serve some for touch 
and some for smell, while there is, as we shall presently 
see, strong reason for supposing that the sense of 
hearing is also in some insects seated in the antenno). 

The greatest variety of antennal organs, so far as we 
yet know, occurs in the llytneuoptora (ants, bees, and 
wasps). Of these I give a diagrammatic figure. 
There are at least nine diflerent structures. 

1. Ordinary hairs (Fig. 43, c). 



Fig. 43.— IilAgram show, lug striicturfte on the terminal tegmenta of the antenna of 
Inaectt. a, Chitinoua cuticle; h, hypodermic layer; c, ordinary hair; ci, tactile 
hair; r, cone; f, doprcHsed hair, lying over r/, cup, rudimentary hair at the 
l)aik' ; A, almple cuj* ; i, chanipapiie-cork-llke organ of borcl ; k, flatk-like organ ; 
pdpiUa, with a rudimentary hair at the ajvex. 

2. Hairs of touch (Fig. 43, d). 

• ** Pbys. nnd Hi»t, Unt. Q. die Geruchsorganc der InaekteD*” ZsiV. 
fur Win. Zool.^ 1880 ; and ** Ueber die Geruchsorgane dcr Glieder- 
thiere” 1883. 

t “ Ueber den histol. Bau und die Vert, der ner\osen Endorgane 
anf den FQhlem der Myriopoden,” MM. de VAcad. Impdr, de 8c, ds 
1885 . 
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8. Flattened hairs (Fig. 43, «). 

4. Depressed hairs (Fig. 43,/). 

5. Pits with a minute hair at the base (Fig. 43, g). 

6. Pits without a hair at the base (Fig. 43, A). 

7. Clones containing a nerve (Fig. 43, /). 

8. Tlte champagne-cork-like organs of Forel (Fig. 
48, t). These consist of a pit, with a constriction about 
halfway up. They difter, in fact, from the second 
sort mainly in the presence of this constriction. 

9. The curious flasks (Fig. 43, k) first observed 
and described by Hicks.* “ They consist,” he says, " of 
a small pit leading to a long delicate tube, which, 
bending towards the base, dilates into an elongated 
sac having its end inverted.”! Of these remarkable 
organs there are about twelve in the terminal segment, 
and one or rarely two in the others. Similar structures 
have since been found in other Uymenoptera; but not, 
I believe, as yet in any other order of insects. I have 
ventured to suggest that they may serve as microscopic 
stethoscopes. Kraepcdin was dispo-sed to regard them 
as glands, but I agree with Forel that there i.s no suffi- 
cient reason for doing so. 

There may, moreover, be a distinctly characterized 
sense-organ without any alteration of the actual 
surface, as shown in some of the figures given by 
Kraepelin, and also by that from Hauser given above 
(Fig. 42). 

These are, perhaps, the principal types, but there 

* Tran$aetitm$ of the lAnnean Boeiety, vol. zxii. p. 89. Kraepelin 
attribntea the obacrvation to Forel, but thU U an error. Forel bad 
overlooked Hicks’a deaoripUon and %are. 

t Hieka, “ On the Organa of the Antennre of loaeoU,” Tratieaetione 
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are many modifications; for instance, complex pits 
often arise from the confluence of several small ones. 
The structure of the antenn© is then very complex, and 
increases with the importance of the antenna? in the 
life of the insect. Among the Hymenoptera, Lyda has 
about 600 pits; Tenthredo, 1200; Sirex, 2000; Pompilus, 
3000; Paniscua, 4000; Ichneumon, 5000; Hyloeus, 
6000; the wasp (Vespa), about 13,000 pits and 700 
cones; the blowfly, 17,000; the hive bee, according to 
Hicks, about 20,000 pits and 200 cones. Among beetles 
(Coleoptera) the numbers are generally small, but the 
cockchafer (Melolontha) possesses, according to Hauser, 
on each antenna os many as 35,000 in the female, and 

30.000 in the male. Moreover, it is significant that in 
tliose species where the females are quiescent and are 
actively sought out by the males, the antenn© are 
much less highly developed in the fe male sex than in 
the male. 

As already mentioned, the anO nna' probably serve 
partly as organs of touch, and in some cases for smell. 

On the other hand, I do not believe that touch and 
smell are the only two senses possessed by the antennm. 
Forel and I have shown that in the bee the sense of 
smell is by no means very highly deveb>ped. Yet 
their antenna is one of those most highly organized. 
It possesses, as I have just mentioned, besides 200 
cones, which may probably serve for smell, as many as 

20.000 pits ; and it would certainly seem unlikely 
tliat an organization so exceptionally rich should solely 
serve for a sense so slightly developed. 

Much as these antennal structures differ from one 
another in form, arrangement, and structure, they are 
all reducible to one type — to a hair — more or less de- 
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veloped, more or less deeply seated, standing in con* 
nection with the ganglionic cells, and so with the cerebral 
ganglia. Even the long-necked ^'bottles** (Fig, 43, k) 
may be regarded as an extreme form of this type, 
especially if the inversion at the end can be, as seems 
probable, regarded as a hair. 

All entomologists are agreed that some of the anten- 
nal hairs serve as organa of protection, and others as 
organs of touch. The evidence is, as we have seen, very 
strong, that some of them serve as organs of smell. 
They fulfil, therefore, at least three different Ihnctions, 
and when we consider their manifold variety, there is 
not only no d priori improbability, but, on the contrary 
it seems very probable that some of them, at least, 
perform some other function in the animal economy. 

There is, indeed, strong reason, os we shall see in the 
next chapter, to believe that, in some cases at any rate, 
the antennae act also as ears; while some of these 
peculiar antennal organs, though obviously organs of 
sense, seem to have no special adaptation to any sense 
of which we are cognisant. 
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CHAPTER IV. 

THE SENSE OF HEARINO. 

The sensation of sound is due to vibrations of the air 
striking on the drum of our ear. The intensity of the 
sound depends on the extent or amplitude of the sound- 
wave ; while the pitch of the tone depends on the fre- 
quence of vibration, and consequently on the number of 
waves which strike the ear during a given interval. 
The fewer the number of vibrations in a second, the 
deeper the sound ; the more numerous, the shriller it 
becomes. Our pianos generally begin with the C of 
32 vibrations in a second, and extend to A"" of 3520 
vibrations. The number of vibrations for the tone 
A', which is that of the hum of a bee, is about 410 
in a second. If the vibrations are fewer than 30 in a 
second, they produce only a buzzing and groaning 
sound, while the shrillest sound we can hear is produced 
by about 35,000 vibrations in a second. 

It may seem curious that there should be any dif- 
ficulty in ascertaining whether an animal can hear. 
But, in the first place, in order to experiment on 
them, we are often obliged to place them in situa- 
tions very unlike those to which they are accustomed ; 
and, secondly, it is by no means always easy to say 
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whether they are affected by a real noise, or whether 
they are merely conscious of a concussion or vibration. 

As regards the lower animals, it appears to me, I con- 
fess, that many organs have been described as auditory, 
on grounds which are anything but satisfactory. At 
the same time, it cannot Iw doubted that many of the 
lower animals do posso-ss the power of hearing, especially 
as some have elaborate organs for the production of 
sound. 

Among the lowest groups, none of the Protozoa or 
Ooelenterata are known to produce sounds, and in the 
Mollusca, also, the power is very rare. The Pectens, 
which are the most lively of bivalves, moving actively 
by the sudden ojwning and closing of their valves — as 
Pliny says, “Saliunt Pectines ct extra volitant sequo 
ipsi carinaiit” — also produce in the same way a certain 
sound, which Aristotle • gives as an exceptional case 
among the Mollusca. 

Nor is the production of sound much more frequent 
among the Crustacea. In one genus of crabs (Ocypoda), 
the claw bears a rasp, or file, which can be rubbed against 
a ridge on the basal segment of the limb, and thus 
produces a harsh, jarring sound. Some of the lobsters 
also (Palinurus) make a noise by rubbing one segment 
of the antennae against another ; but, considering that 
the ear is well developed in this group, it is rather 
remarkable how few of them are known to possess the 
power of producing sounds. 

Passing on to the insects, the song of the Cicada has 
been celebrated from time immemorial ; the chirping of 
the crickets and grasshoppers is also familiar to us all. 

For the reasons, however, already alluded to in the 
• “ Hiitoria Animallum/* 
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preceding chapter, no insect possesses a true voice. The 
sounds they make are produced in variojis ways — for 
instance, by the wings or the spiracles, by rubbing one 
part of tlie body against another, etc. 

The power of producing sounds audible to us is pos- 
sessed by many insects scattered sporadically through 
all the great groups. 

In many of these cases, the pow'er of producing sound 
is confined to the males. Their sounds are rdally love- 
songs.* 

In Locusts, as Westwood say8,t “The stridulating 
j)Ower8 of tliese insects must have attracted the notice 
of every one who has walked through the fields in the 
autumn. Unlike tlio insects of the two preceding 
families, it is owing to the motion 



Fig. 44.— I^g of Steuoboth}'Ut 
pratvrum (after Laudois). 


of the hind femora, either con- 
jointly or alternately rubbed 
against the sides of the wing- 
covers, that the sound is pro- 
duced, the insects resting on their 
four anterior legs during the 
operation ; the veins of the wing- 
covers being considerably ele- 
vated, so as to be easily acted 


upon by the rugose inner edge of the thigh. Some 
species, according to Goreau, may be observed to exe- 


cute this movement without producing any sound per- 


ceptible to our ears, but which ho thinks may be per- 
ceived by their companions.’* 


• TJio females are not, however, invariably dumb. In Ephippigera 
both sexes are able to produce a sound, which, however, is not very 
loud. 

t Westwood, “Modern Classification of Insects.*’ 
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Fig. 44 represents the leg of a grasshopper (Sieno- 
lothrus pratorum). On the inner side of the thigh, at 
8, is a file, consliting of a row of fine teeth (Fig. 45, a), 
which rub against the wing-covers, and thus produce the 
well-known sounds. 

Lehmann states that Brunelli “ kept and fed several 
males of OrifUus viridmimtis in a closet, which were 
very merry, and continued singing all the day ; but a 
rap at the door would stop them instantly. By practice 
he leamel to imitate their chirping; when he did this 
at the door, at first a few would answer him in a low 
note, and then the whole party would take up the tune 
and sing with all their might. He once shut up a male 
of the 8|K-cies in his garden, and gave u feinule her 
liberty ; but when she 


heard the male chirp, 
she flew to him im- 
mediately.” • 

In the males of 
the house and field 
crickets, the source of 



sound is different. 
On the inner margin 


FIk. 4i 


S<»und-l)ow of (afitr 

^ «, Bur lace of the ekiit i tcetb. 


of the left wing-cover, about one-third of its length 
from the base, a thickened point is observed, from 


which several strong veins diverge. The strongest of 
these veins, that running towards the base of the wing- 


cover, IS regularly notched on the under side trans- 


versely, like a file. When the wing-covers are closed, 
this oblique bar of the wing-cover lies uj)on the upper 
surface of the corresponding part of the right wing- 


J “DeSenaibot ext4JTnui AnimaHum exsanguiniunj,'* GbUingon : 
1798. I give Kirby and B|>etioe’a iraailatioii. 
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cover, and wlien a tremalons motion is imparted to the 
wing-covers, this bar rubs against the corresponding 
bar of the right wing-cover, and thus produces the 
familiar chirping sound. 

The song of the Cicadas is produced, again, in a dif- 
ferent maimer. The mnsical organs are iuternal, are 
placed “ at the base of the abdomen beneath, and are 
covered by two large flat plates attached behind the 
place of insertion of the hind legs, varying in form in 
the diflerent species, being, in fact, the dilated sides 
of the metastemum. . . . The sound issues out of two 
holes beneath the above-mentioned plates, in a manner 
somewhat analogous to the action of a violin.”* 

Many beetles have special organs for the production of 
sounds. A remarkable case is that of the so-called 
“ bombardier beetles,” which, wlien attacked, discharge 
at the enemy, from the hinder part of their body, an 
acrid fluid which, as soon as it comes in contact with 
air, explodes with a sound resembling a miniature gun. 
Westwood mentions, on the authority of Burchell, that 
on one occasion, “ whilst resting for the night on the 
banks of one of the large South American rivers, he 
went out with a lantern to make an astronomical ob- 
servation, accompanied by one of his black servant 
boys; and as they were proceeding, their attention was 
directed to numerous beetles running about upon the 
shore, which, when captured, proved to be specimens 
of a large species of Brachinus. On being seized, they 
immediately began to play off their artillery, burning 
and staining the flesh to such a degree that only a few 
specimenscould becaptured withthenaked hand,leaving 
a mark which remained a considerable time. Upon ob- 

• Westwood, “Modern Olassificatlon of Insects,” vol. ii. p. 42. 
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senriog the whitish vapour with which the explosions 
were accompanied^ the negro exclaimed in his broken 
English, with evident surprise, ‘ Ah, massa, they make 
smoke!’ 

A similar moans of defence is possessed by beetles 
belonging to a very different family — the Paussidm. 
Captain Boyes mentions f that on one occasion, having 
captured a Paumis Fichttlii “ it immediately emitted 
two loud and very distinct crepitations, accomjmnied 
with a sensation of heat, and attended by a strong 
acidulous scent. It left a dark-coloured stain on the 
fingers resembling that produced by caustic, and 
which had a strong odour something like nitric 
acid. A circumstance so remarkable induced me to 
determine its truth, for which puri)08e I kept it alive 
till the next morning, and, in order to certify myself of 
the fact, the following experiments were resorted to. 
Having prepared some test-paper by colouring it with 
a few petals of a deep red oleander, I gently turned 
the Paussus over it, and immediately placed my finger 
on the insect, at which time I distinctly beard a crepi- 
tation, which was repeated in a few seconds on the 
pressure being renewed, and each discharge was ac- 
companied by a vapour-like steam, which was emitted 
to the distance of half an inch, and attended by a very 
strong and penetrating odour of nitric acid/^ 

I do not, however, refer to these cases as affording 
any evidence that the insects themselves possess the 
power of hearing, but merely on account of their 

• Westwood, ** McKlern ClasaiSciition of vol. i. p. 70 . 

t ** The Economy of the Pauagidaj,*^ Ann, and Magazine of Natural 
Bidorfft voh xviii.; bco also P<^riaguay*i “Notes on Three Putuiti,** 
.TranzadUms 0/ iJte Enlomoiogieal Society, 18 S 3 , p. 133 . 
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intrinsic interest. The following instances, however, 
do seem to imply a power of hearing. 

A well-known case is that of the death-watch, 
associated with so many superstitions, and supposed 
in old days to be a certain indication of approaching 
death. In this case the insect produces the sound by 
tapping with its head or abdomen, or, according to 
Doubleday, with its thorax. If a male death-watch 
ticks, and there be a female even within several yards, 
she returns the tap, and they approach one another 
slowly, tapping at intervals, until they meet. The 
male Ateuches stridulates to encourage the female in 
her work, and also, according to Darwin, from distress 
when she is removed.” * 

It has long been known that among the Longicorn 
beetles many of the species, when alarmed, ‘‘ produce 
a slight but acute sound by the friction of the narrowed 
anterior part of the mesothorax, or rather a j)olished 
part of the sen tell nm, against the edge of the protho- 
racic cavity, by which motion the bead is alternately 
elevated and depressed. It has been generally stated 
that it was by the friction of the hind margin of the 
thorax against the base of the elytra that this sound 
was produced, but this is not the case.”t The burying 
beetles (Necrophorus) produce a sound by rubbing the 
abdomen against the hinder edges of the wing-cases. 

Wollaston, in a short paper on certain musical 
CurculionidcDjJ describes a species of Acalles, which he 
found in Tenerifle. A number of specimens were in a 
hollow stem, and when it was shaken “ the whole plant 

* “ Descent of Man,” vol, i. 

t Westwood, “Modern Classification of Insects,” vol. L 

X Ann. and Magazine of Natural Hietory^ 1860. 
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appeared mnsical.” In this genus the sound is produced 
by rubbing the tip of the abdomen, so rapidly that the 
movements were scarcely visible to the eye, against the 
under surface of the ends of the elytra, or wing-cases. 
The tip of the abdomen, though roughened, is not con- 
spicuously BO, the ends of the elytra are shagreened, 
though very finely, and Wollaston expresses his surprise 
that so small an instrument could produce so loud a 
noise. He describes a similar structure in other species 
of the group. 

The cockchafers (Melolontha), besides the humming 
of the wings, produce a sound which may almost be 
mlled a voice. In the large trachea, immediately 
behind each spiracle, is a chitinous process, or tongue, 
which is thrown into vibration by tlie air during respi- 
ration, and thus iiroduces a humming noise. 

In the beetles, then, the sounds produced may be 
divided into three classes : 

1. Incidental, such as those produced during 
flight. 

2. Defensive. 

3. For signals, as in Longicorn beetles, Atouches, 
Anobium, etc. 

Laudois gives the following summary of the different 
modes in which sounds are produced by the Cole- 
optera : — 

1. Tapping sounds (Bostrychidte, Anobium). 

2. Grating sounds (Elaterida). 

3. Friction without rasping organs {Evehirm Ion- 
gimanus). 

4. Hasping sounds produced by friction, viz. — 

(1) Pronotum on Mesonotnm (Cerambycida, with 
the exception of Spondylis and Prionus). 
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(2) Prostemum on Mesostemam (Omaloflia 
brunnea). 

(3) Elytra with rasp at the end (Curculionida ; 
Dytiscida, Pelobius). 

(4) Cox8D with rasp (Geotmpes, Ceratophyus). 

(5) Cover-margin rasp rubbing against the thigh 
{Chiasognathus Qrantii), 

(6) Pygidiiim with two rasps in the middle 
(Crioceris, Lema, Copris, Oryctes, Necro- 
phonis, Tenebrionida). 

(7) Abdomen with a grating-ridge and four 
grating-plates {Trox bcihulosus), 

(8) Abdomen with two toothed ridges rubbing 
on cover-margin rasp (Elaphrus, Blethisa, 
Cychrus). 

(9) Elytra rubbing with under-wing rasp {Pelobius 
Bemnanni), 

(10) Wings rubbing against abdominal ringlets 
( Melolontha fullo) , 

5. Exploding sounds from the tail (Brachinus). 

6. Sounds produced by the spiracles (Melolontha). 

Graber, moreover, has shown by a number of 

interesting experiments * that the power of hearing is 
by no means confined to those beetles which are known 
to produce sounds themselves. 

Passing on to other groups of insects, flies and gnats, 
besides the humming of the wings, produce sounds, 
like the cockchafer, through the spiracles, some of 
which are especially arranged for this purpose. If a 
fly be caught and held between the fingers, it will 
generally make a loud and peculiar sound. The hum 
of the mosquito is only too familiar to most of os. 

♦ “ Dio Chordutonal Siunesorgane der luaektou,'* Arcii. fUr Mic, 
Anat^ ISS2. 



DIPTERA— HTMBKOPTERA. 


69 


Landou mentions that he has heard species of 
Eristalis and Syrphus sing while they have been 
sitting quietly. The dragon-flies (Libellulina) also 
produce a sound by means of their spiracles. 

Among Hymenoptera, the hum of an angry bee is 
proverbial. Nor must I omit to mention the piping 
noise made by young queen bees. It is well known 
that there is only one queen in a hive, and that 
working bees never turn their back on her; as she 
moves among the combs, they all turn townnls her. 
If there has been a swarm led by the old queen, the 
young queen who has succeeded often makes a piping 
noise, first noticed by Huber, whoso statements are 
generally recognized as correct.* While “singing” 
the queen assumes a particular attitude, and the other 
bees all lower their heads and remain motionless until 
she begins to move again. In the mean while, if there 
are any other young queens which have not yet left 
the colls, they answer the old one, and their notes seem 
to be sounds of challenge and defiance. 

Other bees also produce a sound by means of their 
spiracles quite clifierent from the bumming of their 
wings. MtUilla Europica, a wingless species, related to 
and not unlike the ants, makes, when alarmed, a rather 
sharp noise by rubbing one of the abdominal rings 
against the other. 

Under these circumstances, Landois asked himself 
whether other genera allied to Ulutilla might not 
possess a similar organ, and also have the power of 
producing sound. He first examined the genus Ponera, 
which, in the structure of its abdomen, nearly resembles 

• Hobor, “Obt. *tir Im Abeille*;" Bcvon, “On the Honey Beej” 
Langatrotb, “ On the Honey Bee." 
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MuUlla, and here also he found a fhlly developed 
ttridulating apparatus. 

He then turned to the true ants, and here also he 
found a similar rasp-like organ in tbe same situation. It 
is indeed true that ants produce no sounds which are 
audible by us; still, when we find that certain allied 
insects do produce sounds appreciable to us by rubbing 
the abdominal segments one over the other, and when 
we find, in smaller species, an entirely similar structure, 
it certainly seems reasonable to conclude that these 
latter also do produce sounds, even though we cannot 
hear them. Landois describes the structure in the 
workers of Lasius fuliginosus as having twenty ribs in 
a breadth of *13 of a rnillimeter. In Lasiiis jiavus I 
found about ten well-marked ribs, occupying a length 
of j-Jt) of an inch. Similar ridges also occur between 
the following segments. 

In the flies (Diptera) and dragon-flies (Libellulina), 
the four thoracic spiracles produce sounds ; while in 
Hymenoptera, as, for instance, in tbe humble bee 
(Bombus), the abdominal spiracles are also musical. 
The sounds produced by the wings are constant in 
each species, excepting where there are (as in Bombus) 
individuals of very different sizes. In these the 
larger specimens give generally a higher note. Thus 
the comparatively small male of Bombus terrestris 
hums on A', while the large female hums a whole 
octave higher. There are, however, small species 
which give a deeper note than larger ones, on account 
of the wing-vibrations not being of the same number 
in a given time. Moreover, a tired insect produces a 
somewhat different note from one that is fresh, on 
account of the vibrations being slower. 
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Indeed, from the note prodnoed we can calculate the 
rapidity of the vibration. The slow dapping of a 
butterdy’s wing produces no sound, but when the move- 
ments are rapid a noise is produced, which increeuics 
in shrillness with the number of vibrations. Thus the 
house-dy, which produces the sound of F, vibrates its 
wings 21,120 times in a minute, or 33.') times in a 
second ; and the bee, which makes a sound of A', as 
many as 2G,400 times, or 440 times in a second. On 
the contrary, a tired bee hums on E', and therefore, 
according to theory, vibrates its wings only 330 times 
in a second. 

Marey has succeeded in condrming those numbers 
graphically. He fixed a fiy so that the tip of the 
wing just touched a cylinder which was moved by 
clockwork. Each stroke of the wing caused a mark, 
of course very slight, but still quite perceptible, and 
he thus showed that there were actually 330 strokes in 
a second, agreeing almost exactly with the number 
inferred from the note produced. 

The sound emitted from the spiracles bears no re- 
lation to that produced by the wings. Thus, according 
to Landois, the wing-tone of the hive bee is A'; its 
“ voice," if we may call it so, on the contrary, is an 
octave higher, and often goes to B" and C". In one of 
the solitary bees, Anthtdium manicatum, the difference 
is still greater ; the wing-tone is Q', and the “ voice " 
nearly two octaves higher, reaching to F"'. 

The wing-tone is constant, at least with the excep- 
tions jmst alluded to. The “ voice,” on the contrary, 
appears to be to some extent under the control of the 
will, and thus offers another point of similarity to a true 
“voice.” Thus a bee in the pursuit of honey humg 
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continually and contentedly on A', but if it is excited 
or angry it produces a very different note. Thus, 
then, the sounds of insects do not merely serve to bring 
the sexes together ; they are not merely “ love-songs,” 
but also probably serve, like any true language, to 
express the feelings. 

l^andois also describes the muscles by means of 
which the form of the organ, the tension of the dram, 
etc., is altered, and the tone thus, no doubt voluntarily, 
affected.* We can, indeed, only in few cases distinguish 
the differences thus produced; but as even we, far 
removed as we are in organization, habits, and senti- 
ments, from a fly or a bee, can yet feel the difference 
between a contented hum and an angry buzz, it is highly 
improbable tliat their power of expressing their feelings 
should stop there. One can scarcely doubt but that 
they have thus the means of conveying other sentiments 
and ideas to one another. 

Butterflies and moths do not habitually produce any 
sound in flight. The texture of their wings is com- 
paratively soft, and they are generally moved slowly. 
Still, they are not altogether silent 

The death’s-head moth (Sphinx atropos) emits a 
mournful cry, first noticed by Itcaumur. This moth, 
he says, “dans le temps qu’il marcho, a un cri qui a 
paru fun6bre ; au moins est-il le cri d’une bonne ame 
de papillon, s’il gdmit des malheurs qu’il annonce. 

“Le cri de notre papillon est asses fort et aigu ; il a 
qnelque ressemblance avec celui des souris, mais il est 
plus plointif; il a quelque chose de plus lamentable. 
C’est surtout lorsque le papillon marcbe, ou qu’il se 

• “ Die Ton and Stimm Apparate der Insekten,” Zeii. /Sr Wm. 
Zool., }8G6. 
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troaTe mal k son aise, qu"il crie ; il crie dang les pondrieSi 
dans les boistes on on le tient renfenn^; ses cris 
redoublent lorsqn’on le prond, et il ne cesse de crier 
lant qu’on le tient entre les doigts. En g4n4ral il fait 
grand usage de la fuculte de crier, que la nature lui k 
aecord^e.” ^ 

There has been much doubt how the sound arises, but 
it appears to be ascertained that the moth proiluoes it 
by rubbing the palpi against the base of the probosciaf 

Huber thought, and subsequent writers — as, for 
instance, Kirby and S|>ence, and Bevan — hove con- 
curred in the opinion, that the sound “operates on the 
bees like the voice of their queen, and thus enables 
the moth to commit the greatest ravages in the hives 
with perfect immunity/' t On the other hand, Huber 
ascertained by experiment that it exercises no such 
charm over humble bees. 

Several other species of the genus Sphinx also pro- 
duce a sound, and a few other moths, for instance, 
Noctua fovea, Darwin also mentions § a Brazilian 
butterfly, Ageronia feronia^ as making “ a noise like 
that produced by a toothed wheel passing under a 
spring catch, which could be heard at the distance 
of several yards/' 

The peacock butterfly {Vanessa io) 1| is also said to 
possess the same power. 

For further details with reference to the sounds 
produced by insects, and, indeed, by animals generally, 

• “ p. servir k rHi«toiro de« Inaecten.” 

t LandoU, ** Dio Ton und Btimin Apparato dor Inw-kton,” Zeit/Ur 
Wiu. Zocl., vol. xvii. 

X Bevan, On tbc Honey Bee.” § “ Descent of Man,” vol. i. 

I ^Die Ton and Btimm Apparate der Inaokten,” ZeiL fUr WUg* 
Zocl., 1S67. 
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I may refer to Landois’a interesting work, “Thier- 
stimmen/’ 

From the fact that the power of producing sounds 
audible to us is scattered among so many groups, and 
that the sounds themselves are often so shrill, I am 
disposed to suspect that many insects usually regarded 
as dumb really produce sounds, which, however, are 
beyond our range of hearing. 

Among centipedes Gerstiicker has described * a 
sound-producing organ in Emoryhar crottjlus. The 
posterior legs have the fourth segment much enlarged 
and leaf-like, with the edges raised and formed of 
very hard chitine. The legs are rubbed against one 
another, and thus produce a rasping sound. Bourne 
also has recently dcscribedf a stridulating organ in 
another genus (Sphcerotherium). It is situated just 
behind the twenty-first pair of legs, and consists of a 
hood-like process bearing a number of parallel ridges. 

There is a very general impression that spiders hear 
well, and even enjoy music I There seems, however, 
very little evidence of any value on the subject. No 
doubt they are extremely sensitive to vibrations. The 
presence of even a very small insect on their web is 
at once perceived. Sir. Boys has shown that the 
vibrations of a tuning-fork affect them strongly.^ 
This sensitiveness to vibrations is, however, not neces- 
sarily the same as a true sense of hearing. Kraepelin 
says § that he knows only one observation which seems 
to him to possess sufficient exactness to justify the 
conclusion that spiders possess any sense of hearing — 
namely, that of Lehmann, 

♦ Gerstacker, ** SteUin Ent 1854. 

t Bourne, Linnean Journal^ 1885. J Naiurej vol. xxiii. 

§ ** Ueber die Gerochtorgane der Qliederthiero.” 
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It would be, on the other hand, most unsafe to 
ponclnde that spiders are incapable of hearing. Dahl • 
has given reasons for believing that some of their hairs 
serve as auditory organs. Westring has discovereil, 
in certain species of Theridium (T. serratipea, oculatum, 
eaetaneum, etc.), a stridulating organ, consisting of a 
sort of raised bow attached to the upper part of the 
abdomen, which rubs against the under and hinder 
part of the cephalotliorax, producing a whirring sound. 
Lebertf naturally observes that this appears to indicate 
a power of hearing on their part. 

As regards insects, it would be easy to mtiltiply such 
evidence almost indefinitely ; I have given more illus- 
trations than I should probably have otherwise thought 
necessary, because so excellent an observer as Forel, 
whose opinion I should value on such a point as much as 
that of any authority, expresses doubt whether insects 
really hear at all. “Ce qu’on semble,” ho says, in his 
last memoir on the subject, “ consi( 16 rer commo preuvo 
de rouie me parait comme a Dugbs roposer a peu d’excep- 
tions pres sur des ebranlements mbcaniques do I’uir ou 
du sol qui sont simplcment perfus comme tels par les 
organes tactiles des insectes. Cela correspond a peu 
pres a la derniere opinion do Graber sur” rouie “do 
la Periplaneta. Mais on n’a pas le droit de nommer 
ouie de pareilles sensations.” J 

Graber, however, has endeavoured to meet this 
objection by an ingenious experiment.§ Ho placed 
some water-boatmen (Corixa) in a deep jar full of 

* “ Dm Qebor-und Gorticlisorgane der Spinnen,” Arch. fUr Mle. 
Anat.y 1885. 

t “ Die Spinnen der Schweiz.” 

J A. Forel, “ Sensationi des Inacctee,” Becueil ZooJ. SuiBUy t. Ir. 1887. 

I Mie, Anot.^ 1882. 
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water, at the bottom of which was a layer of mud. 
He dropped a atone on the mud, hut the beetles, 
which were reposing quietly on some weeds, took no 
notice. He then put a piece of glass on the mud, 
and dropped the stone on to it, thus making a noise, 
though the disturbance of the water was the same. 
The water-boatmen, however, then at once took flight. 

In face of all the evidence, then, I do not think 
there can reasonably be any doubt on the subject, and 
it seems to be clearly established that insects do possess 
the sense of hearing. 
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CHAPTER V. 

THE ORGANS OF HEAUINQ. 

That many of the lower animals have spoeiiil organs 
for the production of sound, and possess the sense of 
hearing, has been sliown in the preceding chapter. 

I now proceed to consider the mechanism by which 
sounds are perceived. In our own ear wo have, first 
of all, the external ear, much less importiint in man 
than in many other animals, as in the horse, for 
instance, where it may be seen moving continually, and 
almost automatically assuming the position most favour- 
able for conveying the waves of sound down the outer 
passage (Fig. 4G, 1)) to the tympanum, or drum. This is 
a membrane stretched between the outer air on tlie one 
band, and the drum on the other, which also contains 
air, transmitted through the mouth by means of the 
Eustachian tube (Fig. 46, E). The drum is separated 
from the brain by a hard, bony partition in which are 
two orifices, one oval and the other round. Across the 
drum stretches a chain of little bones (Fig. 47) ; first 
the ** hammer,” secondly the " anvil,” and lastly the 
"stirrup.” The flat plate of^the stirrup, again, lies 
against the oval orifice, or fenestra ovalis, as it is techni- 
cally called, of the drum. Thus the sounds are intensi* 
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fled by being conveyed from the tympanic membrane 
to one which is twenty times smaller. Behind the 



Fjg 4 6, - 1 >ia(^aiu of human car (after IJcnmlcin). Ih Auditory cnnal ; 1*1, mouth of 
KuhUchiau tub - ; ir. l.vtnpaiilc nionibraiu* ; H, tympanic cavity ; o, fcncatra ovalla ; 
r, hneetia rotunda , tcmldrcular cauala; A, cochlea. 


fenestra ovalis is the labyrinth, which is filled with fluid, 


// w. Am, /{• 



Fig. 47.— Otalclea of the ear. H, Hammer ; 
Am, anvil ; Am. I*, shorter proc»'fW of the 
anvil; Am. I, longer process of the anvil ; 
B, 8tlrrnp t ^ W»g process of the 
hitmmej:. 


and on which the final 
filaments of the auditory 
nerve are distributed. 
This fluid is thrown into 
vibrations by those of the 
stirrup, but as it is en- 
closed in a bony case, the 
vibrat ions would begreatly 
curtailed if it were not for 
the second membrane, or 
fenestra rotunda. This 
round membram 
fore, acts as a 
opening, for if the fluid is 


compressed in one place, it must claim more room in 
another. The labyrinth consists mainly of two parts. 
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the cochlea and the semicircular canals. The semi- 
circular canals are three in number, and stand at right 
angles to one another. No satisfactory explanation of 
their function has yet been given ; but there is some 
evidence that, in addition to, or apart from, hearing, 
they are affected by the position of the head, and thus 
serve as organs for maintaining the equilibrium of the 
body. Each of the canals commences with an oval 


dilatation, or ampulla. 
In the ampulla is a 
projecting ridge, on 
which are long, stiff, 
delicate, hair-like pro- 
cesses, the vibrations 
of which probably give 
certain sound-sensa- 
tions, In the canals 
certain parts bear 
shorter hairs, over 
which are minute ear- 
stones, or otolithes, 
consisting of carbonate 
of lime, embedded in 
a gelatinous substance. 
The cochlea contains, 
moreover, a compli- 



Klff 48.— S<^ctlon tbrouRlt the iTripullfl (After 
BenwtHn). .V, Nerve; x, UTmiiul cell*; k, 
auditory halm. 


cated and wonderful organ, discovered by Count Corti. 
This appears to be, in fact, a microscopic musical instru* 


ment, composed of some four thousand complex arches, 
increasing regularly in length and diminishing in 
height from the base to the summit of the cochlea. 


The waves of sound have blen supposed to play on 
this organ, almost like the fingers of a performer on 
the keys of a musical instrument. 
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i'it 49.— Tympanal wall of tho ductus cochlearia, f»*oni ihc dog. Surface view from 
the side of ibe scala vestihuli, after the removal of Kellner’s membrane. 9\fn, I. 
Zona denticulata Corti. II. |iectlnata Todd- lion man . 1, HalML'Uula nulcata 

Corti ; 2, Habenula denticuUu Cortl; 3, Habenula pt^rfurata KulUker. HI. Organ 
of Cortl : a, portion of tl»e lamina spiralis o««ca (Ibe epithelium is wanting) ; b and 
c, periosteal blood<ves»els ; d, line of attachment of Keissner’s membrane ; e and 
epithelium of tho crista spiralis auditory teeth, with the interdental furrows ; 
p, g,, large-celled (swollen) epithelium of the sulcus spiralis Intemus, over a certain 
extent imiuing through the auditory teeth ; from the left side of the preparation 
they have been removed ; k, smaller epithelial cells near the inner slope of the 
organ of Corti ; k, openings through which the nerves pass; i, inner hair cells; 
I, inner pillars ; m, their heads ; o, outer pillars ; n, their beads ; lamina 
reticularis ; q, a few mutilated outer hair cells; r. outer epithelium of the ductim 
ooohlearls (Ciaudiue’s cells ot the author’s); removed at • in order to show the 
polota of attachment of the cuter hair cells. After Waldeyer* in Strickcar'a 
** Manual of Histology'/' 
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The fibres of Corti, according to Helmholtx, may 
be distributed among the seven octaves which are in 
general use, so that there will be fibres to every 
semitone, and 400 to each octave^ Weber has esti- 
mated that a skilful ear can perceive a difference even 
of the of a tone, or nearly four thousand sounds, and 
this would agree fairly well with the number of fibres. 

But why, it may be asked, should a given musical 
sound act more on one of these keys than another ? 
If several tuning-forks which sound different notes 
are placed on a table, and another in vibration bo 
brought near them, the one sounding the same note is 
thrown into vibration, while the others are unaflVetod. 
A second tuning-fork would affect its own follow, but 
no other, and so on.* A very slight change in the 
tuning-fork, such, for instance, as would bo made by 
fastening a piece of wax to one of the prongs, is 
sufficient to destroy tbo sympathetic vibrations. The 
sound of the human voice has been known to break a 
bell-shaped glass by the agitation thus caused. The 
difficulty is to hit the pitch with sufficient precision, 
and retain the tone long enough. It is probable, 
therefore, that each of Corti’s arches is set for a 
particular sound, and sensitive to it alone. This 
suggestion derives additional probability from the 
observations of Honsen (see p. 93) on the auditory 
hairs of Crustacea. 

We thus obtain a glimpse, though but a glimpse, of 
the manner in which the arches of Corti may possibly 
act. There are many problems still to bo solved, but 
it is at least easy to see that so complex an organ may 
be capable of conveying very complex sensations. 

• Helmholtz, “ Sensations of Tone.*' 

O 
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On the Organs of Hearing in the Lower 
Animals. 

The semicircular canals in the human ear (see p. 79) 
have been supposed by some, in addition to, or apart 
from, their functions as organs of hearing, to assist in 
maintaining the equilibrium of the body ; at all events, 
when they are injured, the movements frequently be- 
come disorderly, and the otolithic organs of the lower 
animals appear, at any rate in certain cases, to perform 
a similar function.* 

Otolithes, as we have seen, are present in our own 
ears, but they play a much more important part in 
those of the lower animals. In the lowest, the sound- 
waves may bo considered to produce a certain effect 
upon the general tissues. The soft parts of the body 
are, however, not well calculated to receive such 
impressions. I'heir effect would be heightened by the 
presence of any solid structures, whether spicules, as 
in sponges, etc., or solid hairs projecting from the 
general surface, as in a great many of the lower 
animals. 

The Medusa) (jelly-fishes. Fig. 50) present round the 
edge of the umbrella certain “ marginal bodies,” with 
reference to which there have been great diflerences of 
opinion. 0. F. Miillcr, by whom they were discovered, 
regarded them as orifices for the exclusion of digested 
fo^, Eosenthal and Escholtz considered them to be 
glands, Milne Edwards as ovaries ; but it seems now 
clearly established that some are organs of hearing, 

* Deluge, “Sar uno fonction nouvelle dee Otocystes,” Arch. d. 2boi. 
JExp.f 1887. Engelmann, **Ueber d. Fuiictiou der Otolithen,'* ZooL 
An*., 1887. 
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and others of sight. Some species posses both^ bnt» as 
a general rule, among Medusm, where organs of hearing 
are present, those of sight are wanting, and vice verad. 
It may seem extraordinary tliat there should be such 
differences of opinion as to these organs. The earlier 
naturalists, however, had but imperfect microscopes, 
and probably often examined specimens in a bad state 
of preparation. As regards the alternative between 
the view that they served as eyes and that which 
regarded them as ears, it must, moreover, be remem- 
bered that as long as we merely know' that there was 
a capsule containing a transparent body, the function 
might well be doubtful. 

The auditory organs of the jelly-fishes were first 
recognized as such by Kolliker.* They are ranged 
round the umbrella, and vary considerably in number, 
ranging up to sixty in Cunina, eighty in Mitrocoma, 
and as many as six hundred in (Equorea, 

There are three types. In the first, the auditory 
organ is an open pit, lined with cells. The majority of 
those on the outer side contain an otolithe, while a row 

on the opposite side are strap- 
shaped, their free ends termi- 
nating in auditory hairs, which 
reach to the cells containing 
the otolithes, while their inner 
ends are continuous with fibres 
from the inner nerve-ring. 

Fig. 61.— Auditory organ of Orttor. lu such an auditory OFgau 

the otolithes present a very deceptive resemblance to 
the lenses of an eye. 

• “ Ueber die Bandkorper der Quallen,” Froriepi New Not.^ 1848. 




Fif. ft3.»AudiU>i7 organ of Rhopalonema, aiill showing « smaU orifice (after Ucrtuig)« 
kk^ Uodloed teotacte ; 0 , auditory organ. 


auditory organs are modified tentacles. They form a 
club-shaped body, with a central endodermal axis, and 

• Hertwig conaiders that the suppouod hair* shown by Honaen In 
hia figoie of the ear of Eucope are really the edges of auditory canahi. 
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beftring at the apex one or more sometimes spherical, 
sometimes prismatic, otolithes. In some cases the 
organ becomes enclosed in a cup, which in Gerj^onia 
closes at the top. 

In another family of the Hydromedus®, the Oceanid®, 
these organs are absent, and appear to be replaced by 
certain pigment spots at the base of the tentacles, 
which, however, from their structure are considered to 
be rudimentary organs of vision, and will be described 
in the chapter on eyes. 

Some species have, in addi- 
tion, other organs, obviously of 
sense, but the function of which 
is still far from clear. Fig. 54 
represents one of these curious 
g sense-organs in Pelagia, after 
^ Ilertwig. It is in the form of 
a somewhat bent finger, is 
^ situated in a deep fold of the 
umbrella, contains a branch of 
the gastrovascular canal, and is 
filled at the tip with a group of 
Fig. 64 .-.sen»e<.rg»n of PcUgi. soUd, sliining, Tod-like crystals. 

(after Hertwig). o. Group of mi 

crvaUls; sk, «cnse-organ ; JlilG ftllUltOry ID WOFIDS 

and molluscs consists of a 
closed vesicle, containing one 
or more otolithes, and lined with nerve-cells, which are, 
in the higher groups, connected at their base with the 
auditory nerve, and bear set® at the other end. De 
Quatrefages was the first who established clearly the 
existence of auditory organs in worms. 

In the Mollusca, the existence of an organ of hearing 
in some Gasteropoda was justly inferred by Grant from 
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the feet that one species, Tritonia arborescens, omits 
certain sounds, doubtless intended to be beard by its 
fellows. 

The cili® contained in the auditory vesicle are some- 
times short, and scattered over 
the general surface, as in Unio 
(Fig. 55); sometimes long and 
borne on papillary projections, as d 
in Carinaria and Pterotrachea * 

(Fig. 56), where also there are 
certain special cells, supposed to 
act as buffers or dampers. The 

. . . _ , Fitf. 65 . - Amlllory organ of 

otohthe 18 sometimes single, and unio(.ani^y.»ig) a.Nmoj 

. 1*1 - A 11 6 , ocIIm; ciliA'; cl, otoHihe. 

nearly spherical, as m Aeephala 

and Heteropoda, and consists of ailcaroous matter with 
an organic base ; in the Gasteropods, rtorojwds, and 



Ftg. — A udltory organ of Pterotrache,a FruUrici (afttPr Clauti). AJa, A udttory n#Tve j 
r, central cell# ; ct, supporting plate ; outer circle of auditory c«lU ; a, clUat«4 
celU. 

some Annelides (Arenioola, Ampbicora) they are 

• Claiu., “ Ueber den Aooutt. App. im Gehororgane der Hetoio* 
poden,” Arch, fir Mie. Anal., 1878. 



88 


ANNELIDES— 0BU8TA0EA. 


numerous, and sometimes, as in Cymbulia, collected 
into a mulberry-like group. 

In many cases the auditory sac rests directly on the 
ganglion. 

The actual mode of termination of the nerves is still 
uncertain. I have already mentioned that vibrations, if 
fewer than thirty in a second, do not produce on us the 
effect of sound. But it is possible that these organs in 
the lower animals are intended quite as much to record 
movements in the water as for heuring properly so called. 


The Organs of Hearing in Crustacea. 



Fig. 67. Base of 
right anUnnule of 
lolxBtor (ilrhimi 
mariniAs) ; after 
Farre. a, Orifloo ; 
f, sac. 



It was long supposed that the auditory organ of the 
Crustacea was situated in the basal segment of the 
outer antenna* The true auditory organ was, indeed, 
discovered by Rosenthal in 1811 ,* who, however, re- 

• lELeiVBArch,fiirFhys., 1811. 
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garded it as an olfactory organ, as did also Treviranus, 
Fubricius, Scarpa, Brandt, Milne Edwards, and, in fact, 
the older naturalists generally. The discovery of its 
true nature is due to Farre," was confirmed by Huxley t 
and Leuckart, and is now* generally admitted. It is 
a sac situated in the base, or first segment, of the 
lesser pair of antenna', which is slightly dilated. In 
some species the sac cominufncates freely with the 



Fig 69.— Part of wall of auditory sac of lolwttcr (AsUkum marinut) ; after 

tt. Thickened bar« in Uie memliraue ol tl*e aac ; n, Aral row of auditory bain* ; 
iM^cond row of auditory hairs; »»", tldrd row of auditory hairs ; »f'", fourth row of 
auditory halra ; e, graina of sand, nerving os otolitbea. 

water by meaus of an orifice situated towards the inner 
and anterior margin, and guarded by rows of fine 
hairs. In others the orifice is closed, but its position 
is always marked, as the auditory sac is at this jx>int 
connected with the skin. 

Both contain otolithes. Those of the closed sacs are 
generally rounded; while, *on the contrary, those of 

* rUtloBophical Tran§aciiont^ 1843, 
t Ann. and Mag. of Natural liidory^ 1851. 
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the open sacs are simply grains of sand, and are so 
numerous as sometimes to occupy one-fourtb, or even 
one-third, of the sac. 

Farre stated that the otolithes in the auditory sacs 
of Crustacea were simply grains of sand, selected by 
the Crustacea, and put into their own sacs to serve as 
otolithes. It seemed, however, so improbable that 
Crustacea should pick up suitable particles of sand 
and place them in their ears, that the statement was 
not unnaturally received with incredulity. The obser- 
vation of Hensen apj>ear8, however, to leave no doubt 
on the subject. The sac, whether open or closed, is an 
extension of the outer skin, and is cast with it at each 
moult. Henson examined them shortly after moulting, 
and found that the sacs contained no stones ; he saw 
the shrimps carefully selecting particles of sand, but 
could never detect one in the very act of placing 
one in the auditory sac. He therefore placed some 
shrimps in a vessel of filtered sea-water, and strewed 
over the bottom some crystals of uric acid. Soon 
afterwards one of the shrimps moulted, and the auditory 
sac was found on examination to contain a few grains 
of sand, but no crystals of uric acid. Three hours 
later, however, Hensen found that the new sac con- 
tained numerous crystals of uric acid, but none re- 
sembling common sand. Evidently, therefore, the 
Crustacea pick up grains of sand, and actually intro- 
duce them into their own ears to serve as otolithes. 

Otolithes are not, however, universally present. In 
the true crabs (Brachyura) they appear to be always 
wanting, so that the auditory hairs (which present very 
nearly the same character as those of the lobsters, etc.) 
are capable of being thrown into vibrations without the 
mediation of otolithes. 
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The interior of the sac is thus described by Farre : 

Along the lower surface of the vestibular sac is seen 
running a semicircular line, broader at its upper than 
its lower extremity (Fig* 58, h). This part is more 
easily examined after the sand has been washed away 
by agitation under water. It is then seen, with a power 
of 18-linear, to consist of several rows of ciliated pro- 
cesses, of which one row is more regular and prominent 
than the rest, and crests the entire margin of the 
ridge. The processes diminish in size and number 
on eitlier side, and are in some places seen in groujw, 
but always a^^sume the general form represented in" 
Fig. 58. 

In Astacus there are four rows of hairs. The first 
are somewhat scattered, and above the otolithes; the 
second consists of larger hairs, arranged close together ; 
the third and fourth are smaller again, and more scat- 
tered. These three rows of hairs are covered by the 
otolithes. They stand in connection with the terminal 
fibrils of the acoustic nerve, and through their vibra- 
tions the sense of sound is 8upj)osed to be conveyed. 
In the lobster Hensen counted 548 auditory hairs. 
He divides auditory hairs of Crustacea into three 
classes : otolithe hairs ; free hairs, enclosed in the audi- 
tory sac; and auditory hairs on the outer body surface. 

Ihese latter auditory hairs (Fig. 59) are situated 
over an orifice in the chitiuous integument, and stand 
in direct communication with a fibril from the nerve ; 
the stem of the hair does not rest directly on the 
chitinous integument, but is supported by a delicate 
membrane, which is sometimes dilated at the base ; the 
edge of the chitine at one side of the hair is raised into 
a tooth ; lastly, according to Hensen, each auditory hair 
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possesses a sort of appendage, or langaette, to which the 
nerve is attached. 


As far as details are concerned — the 
form of the sac, the number, form, and 
arrangement of the hairs, etc. — the 
auditory organs of the Crustacea offer 
endless variations in the different species, 
while very constant in each. 

In the higher groups the auditory 
sac is always at the base of the small 
antennm. In one of the lower forms, 
however — tho curious genus Mysis — 
the ear is situated in the tail. 

The genus Mysis (Fig. 61) is a group 
of Crustaceans, in outward appearance 
very like shrimps, but differing in the 
absence of external gills, and in the 
structure of the legs and other par- 
ticulars, so that it is placed in a different family. Frey 
and Leuekart, moreover, made the interesting discovery 
that it possesses two ears in its tail. 



(Carcinus manut), 
X 600. a, Skin ; c, 
nerve ; h, (IcUcate 
intermediur)’ metu- 
brmne or hinge (,after 
Houtten). 



Fig. 61.— Mjste (after Frey and Leuekart). 

The tail, like that of a lobster, consists of five flaps. 
In each of the two smaller flaps is an oval sac (Fig. 62) 
containing a single, lens-shaped otolithe, consisting of 
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a calcareous matter embedded in an organic sabstance* 
That Crustacea do, as a matter of fact, possess the power 
of perceiving sounds, there can bo no doubt. Hensen 
himself has made various experiments on the subject. 
Moreover, strychnine {assesses the peculiar property of 
augmenting the reflex power of the nervous centres. 
Taking advantage of this, Henson placed some shrimps 
in sea-water containing strychnine. lie then found 
that they became ex- 
tremely sensitive to even 
very slight noises. F urther 
than this, Hensen availed 
himself of Helmholtz’s re- 
searches on the perception 
of sound, and, suspecting 
that the diflerent hairs 
might be aflfected by (lif- 
erent notes, found that was 
actually the case. 

The vibration of the hairs 
is mechanical, 'not depend- 
ing on the life of the 
animal. Hensen took a 
Mysis, and fixed it in such a position that he could watch 
particular hairs with a microscope. He then sounded 
a scjale ; to most of the notes the hair remained entirely 
passive, but to some one it responded so violently and 
vibrated so rapidly ws to become invisible. When the 
note ceased, the hair became quiet ; as soon as it was 
resounded, the hair at once began to vibrate again. 
Other hairs in the same way responded to other notes. 
The relation of the hairs to particular notes is probably 
determined by various conditions; for instance, by its 
length, thickness, etc. 



Fig. W — Tall of vulgarU, «bow. 
ing the auditory organ. 
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That these plumose hairs, then, really serve for hear- 
ing may be inferred, not only from their structure and 
position, but also from the observed fact that they 
respond to sound-vibrations. 

Henscn’s observations* have been repeated and 
verified by Helmholtz. 

The Organs of Hearing in Insects. 

I now pass on to insects. There has been great 
difference of opinion as to the seat of the organ of 
hearing in this group. 

The antennee have, as already mentioned, been re- 
garded as ears by many distinguished authorities, 
including Sulzer, Scarpa, Schneider, Bolk-Hausen, 
Bonsdorff, Cams, Strauss-Durkheim, Oken, Burmeister, 
Kirby and Spence, Newport, Landois, Hicks, Wolff 
and Graber, who have supported their opinion by 
numerous observations. 

Kirby states that once a little moth was reposing 
upon my window ; I made a quiet, not loud, but distinct 
noise : the antennae nearest to me immediately moved 
towards me. I repeated the noise at least a dozen times, 
and it was followed every time by the same motion of 
that organ, till at length the insect, being alarmed, 
became more agitated and violent in its motions.” 
And again: ‘'I was once observing the motions of an 
Apion (a small weevil) under a pocket microscope ; on 
seeing me it receded. Upon my making a slight 
but distinct noise, its antenneo started. I repeated tie 
noise several times, and invariably with the same 

effect” t 

* ** Sensations of Tone.” 

t Introduction to ** Entomology,” Kirby and Spence, vol. iv. 
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Among beetles, the genus Copris, “particularly,** says 
Newport^ “ Copris inolossus^ in which I first remarked 
it, have the antenn® composed of ten joints, the last 
three of which form the knob or club with which it is 
surmounted, 

“ When the insect is in motion, these plates or audi- 
tory organs, if we may be allowed so to call them, are 
extended tis wide as possible, as if to direct the insect 
in its course ; but upon the occurrence of any loud but 
sudden noise are instantly closed, and the antenn® 
retracted as if injured by the percussion, while the 
insect itself stops and assumes the apj)earance of death, 
A similar use of the antenna? is made by another family, 
Geotrupidffi, which also act in the same manner under 
like circumstances. 

• « • « ♦ 

“These facts, connected with the previous exi>eri- 
ments, have convinced me,” he says, “ that the antennee 
in all insects are the auditory organs, whatever may 
bo their particular structure; and that, however this 
is varied, it is appropriated to the perception and 
transmission of sound.” f 

Will has made some interesting observations on 
some of the Longicorn beetles (Cerambyx), which 
tend to confirm this view. These insects produce 
a low shrill sound by rubbing together the protborax 
and the mesotborax. The posterior edge of the 
prothorax bears a toothed ridge, and the anterior end 
of the mesotborax a roughened surface, and when these 
are rubbed together, a sound is produced something 
like that made by rubbing a quill on a fine file. 

♦ Newport, “On the Antenn® of Insects,” Tran$aetion§ oj (hs 
Entomological Society ^ 1836 >40, vol. ii. 
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Will took a pair of Cerambyx (beetles), put the 
female in a box, and the male on a table at a distance 
of about fifteen centimetres (four inches). They were at 
first a little restless, but are naturally calm insects, and 
soon became quiet, resting "os usual with the antenn® 
half extended. The male evidently was not conscious 
of the presence of the female. Will then touched the 
female with a long needle, and she began to stridulate. 
At the first sound the male became restless, extended 
his antennm, moving them round and round as if to 
determine from which direction the sound came, and 
then marched straight towards the female. Will 
repeated this experiment many times, and with dif- 
ferent individuals, but always with the same result. As 
the male took no notice of the female until she began 
to stridulate, it is evident that ho was not guided by 
smell. From the manner in which the Cerambyx was 
obviously made aware of the presence of the female by 
the sound, Will considered it clearly proved that in 
this case he was guided by the sense of hearing. 

Will has also repeated with these insects the experi- 
ments I made with ants, bees, and wasps aod found 
that they took no notice whatever of ordinary noises ; 
but when he imitated their own sounds with a quill 
and a fine file, their attention was excited — they 
extended their antennm as before, but evidently per- 
ceived the difference, for they appeared alarmed, and 
endeavoured to escape.* 

Hicks in 1859 justly observed that, '^Whoever has 
observed a tranquilly proceeding Capricorn beetle which 
is suddenly surprised by a loud sound, will have seen 

* Will, *‘Da8 Gesohmaoksorgan der Inaekten,” ZeitfUr. Wis$, 

1885 , 
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how immoyably oatward it spread its aniennte, and 
holds them porreot, as it were with great attention, as 
long as it listens, and how carefully the insect proceeds 
in its course when it conceives that no danger threatens 
it from the unusual noise.” • 

Other similar observations might be quoted, but 
these sufficiently indicate that in some insects, at any 
rate, the organs of hearing are situated in tlio antennae. 

On the other hand, Lehmann long ago observed 
that the honso cricket {Acheta domestica)^ when 
deprived of its antennae, remained as sensitive to 
sounds as previously. This is quite correct ; and yet, if 
a cricket be decapitated, and a shrill noise be made 
near the head, the antennae are thrown into vibration 
by each sounds 

In fact, not only do the highest authorities differ, 
but the observations themselves appear at first sight 
to be contradictory. The explanation seems to be that 
the sense of hearing is not confined to one spot. That 
the antennae do servo as ears, at least in some insects, 
the evidence leaves, I think, no room for doubt. But 
there is no reason, in the nature of things, why the 
sense of hearing should bo confined to one part of the 
body. Taste, indeed, would be useless except in or 
near the mouth, and almost the same may be said of 
smell. But the sense of touch is spread, in greater or 
less perfection, over the whole skin. Indeed, there is 
among the lower animals a great tendency to rej>eti- 
tion, and not least so amongst insects. The body con- 
sbts normally of a number of segments, each with a 
pair of appendages and a ganglion. There are three 
pairs of legs ; two pairs of jaws, opening, not vertically, 

• Transdctions of the Linnean Soehiyy voL xxii. 

H 
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as ours do, but laterally ; several pairs of breathing- 
holes arranged along the sides of the body ; and two 
kinds of eyes. Moreover, unquestionable organs of 
sense occur in very different parts of the body. The 
Crustacean genus Mysis, as already mentioned, has ears 
in its tail; one group of sea-woians (the Polyoph- 
thalmata) have a pair of eyes on each segment of the 
body. 

Of Amphicorine, a small worm of our coasts, M. de 
Quatrefages says that often,* ‘‘C’est la queue qui marche 
la premiere, explorant eviderament le terrain avec uue 
grande activity ot donnant autant de signes d’intelli- 
gence et de spontaneite quo pourrait le faire la partie 
anterieure du corps. . . . Cette queue porte a son 
extremite un disque elargi sur lequel sont places deux 


points rouges. . . . Je ne 
mets nullement en doute que 
ces points ne soient en effet 
^ des organes de vision.’* He 

was not able, indeed, to make 
out their finer structure. On 
the other hand, the lateral 

t eyes of the Polyophthalmata 

possess a well-formed lens. 

- — We need not, then, assume 
that the organs of hearing 
* in insects must necessarily 
be in the head, or, indeed. 

Fig. 63.-r.rt of leg of Gr«.hopper “6^(1 be CODCeil- 

trated in one part of the 
bod)'. 

It had long been known that grasshoppers and 


* Ann. de$ Set. Nat., 1850. 
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crickets hare on their anterior legs two peculiar, glassy, 
generally more or less oval, drumlike structures ; but 
these were supposed by the older entomologists to 
serve as resonators, and to reinforce or intensify the 
w'ell-known chirping sounds which they produce. 

Johannes IVIullor was the first who suggested that 
these drums, or tympana, act like the tympanum of our 
own ears, and that they are really the external parts 
of a true auditory apparatus. That any animal should 
have its ears in its legs sounds, no doubt, d priori 
very unlikely, and hence probably the true function of 
this organ was so long unsuspected. That it is, how- 
ever, a true ear the following particulars, taken 
especially from the memoirs of Muller,* Siebold,t 
Leydig,^ LIen8en,§ Graber,|| and Schmidt,ir conclusively 
prove. 

The Leaping Orthoptera fall into three well-marked 
groups : the locusts (Locustidae), which have short 
anteunnc; the crickets (Achetida;), which have long 
antenna;, and the wings flat on the back; and, thirdly, 
the Gryllidro, or gra8sho{)per8 (as I may perhaps call 
them), which have also long antennae, but in which 
the wings are sloping. This is the nomenclature 
adopted by English authorities, such as Westwood ; 
but unfortunately many foreign entomologists call the 

* “ Ziir vergleichcnden Physiologio dca Gosichtsinnes/^ 182G. 

t “Ueber die Stiiam und Gehdrorgano der Orthopteren,” Arch. /Ur 
Natur geschichte, 1844. 

X ‘‘Ueber Geruchs und Gehbrorgane der Krebgo und InBckten,** 
Reicherts' Arch, f Ur Anat., 18G0. 

§ “ Ueber das Qehbrorgan von Ijocusta/* Zeif. fUr Wiss. Zool,, 1806. 

|j “ Die Tympanalen Blnnesapparate der Orthopteren/* Arch. fUr 
Mic. Anat.y vol. xx., 1875. 

1 ‘‘Die Gehororgano der Houschreckeu,” Arch, fur Mic. Anai^ 
vol. xi. 
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crickets Gryllidse, the grasshoppers Locustidse, and the 
locusts Acridiidae.* 

In grasshoppers (Gryllidae) and crickets (Achetidae) 
the auditory organ lies in the tibia of the anterior leg» 
on both sides of which there is a disc (Fig, 63), generally 
more or less oral in form, and differing from the rest 
of the surface in consisting of a thin, tense, shining 
membrane, surrounded wholly or partially by a sort of 
frame or ridge. In some species the two tympana are 
similar in form ; in others they differ. For instance, in 
the field cricket, the hinder tympanum is elliptic, 
the front one nearly circular in outline. 

In many of the Gryllid®, the tympana are protected 
by a fold of the skin, which projects more or less over 
them. The corresponding spiracle is also specially 
modified in the stridulating locusts, while in those 
which are dumb it is formed in the same manner as 
the others. 

The tympana are not always present, and it is an 
additional reason for regarding them as auditory organs, 
that both among the Achetidse and the Gryllidae, in 
those species which possess no stridulating organs, the 
tympana are also wanting.t 

* The destructive “ locust ” of the East, which is so numerous that 
in one year our Government* in Cyprus destroyed no less than 
150,000,000,000 of eggs, and whose ravages are used in Eastern poetry 
as types of destructiveness, has short antcnn®, and belongs to the first 
division ; to which, therefore, English entomologists apply the name 
Locuflta, while our foreign friends, on the contrary, apply the name to 
a totally different insect. However, I merely refer to this now, to explain 
why the terms I have used do not in all cases agree with thoee 
adopted by the observers to whom 1 am referring. 

+ This rule seems, however, not to bo entirely without exceptions. 
At least, Aspidonotns and Hetrodes are said to possess tympana, but 


* Report on the Locust Campaign, Pari. Paper, 5250 of 1888. 
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Graber regards the covered tympana as a develop* 
ment from the open ones, and suggests that in time 
to come the species in which the tympana are now 
exposed may develop a covering fold. 

If now we examine the interior of the leg, the trachea 
or air-tube will be found to be remarkably modified. 
Upon entering the tibia it immediately enlarges and 
divides into two branches, which reunite lower down. 
To supply air to this wide trachea the corresponding 
spiracle, or breathing-hole, is considerably enlarged, 
while in the dumb species it is only of the usual size. 
An idea of the form of the trachea will be given by 
Fig. 69, which, however, represents the anterior tibia 
of an ant, where these trachcro are less considerably 
enlarged, and whore one of the branches is much smaller 
than the other, while in locusts they are nearly equal 
in width, and one lies against each tympanum. The 
enlarged trachea occupies a considerable part of the 
tibia, and its wall is closely applied to the tympanum, 
which thus has air on both sides of it ; the open air on 
the outer, the air of the trachea on its inner surface. 
In fact, the trachea acts like the Eustachian tube in 
our own ear ; it maintains an equilibrium of pressure 

no Btridulftting apparatus. For ioBtanco, in tho following formn, both 
the Btridulating apparatus and tho tympana are absent, viz. ; — 

Among the (Ecantbidro : Phalangopsis and Gryllomorpha (both are 
wingless). 

PlatydoctylidflB : Motrypa and Parametrypa (both wing- 
less). 

„ Tettigonidio ; Trigonidium. 

„ Gryllidie: Oryllui apterus^ Pardbra^hyirvpei AustraUii 
and Apiotarsus (all wingless). 

,, Gryllotalpid® : TridactyluB apicalU, 

„ Mf^oplistidsd : Mogoplistes, MyrmecophUa, Phytoblemma 

(all wingless), and Ooeoplistes. 
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on each side of the tympanum, and enables it freely 
to transmit the atmospheric vibrations. 

These trachea), though formed on a similar plan, 
present many variations, corresponding to those of 
the tympana, and showing that the tympana and 
the tracheno stand in intimate connection with one 
another. For instance, in those species wliero the 
tympana are equal, the trache® are so likewise; in 
Gryllotalpa, where the front tympanum only is de- 
veloped, though both tracheal branches are present, the 
front one is much larger than the other; and where 
there is no tympanum, the trachea remains compara- 
tively small, and even in some cases, according to 
Graber, undivided. 

The tibia is thus divided into three parts, as shown 
in the diagram (Fig. (j 4), the central 
portion b(dng occupied by the two 
tracheie (Fig. 64, fr). 

Of the other two spaces, one (the 
lower one in the figure) is occupied 
by the muscles, nerves, etc., while 
the other is mostly filled with blood, 
which thus surrounds and bathes the 
auditory vesicles and rods (ar). 

The acoustic nerve — whieh, next 
to the optic, is the thickest in the 
body — divides soon after entering 
the tibia into two branches ; the one 



Fig. 6i. —.Section through 
the tibia (leg) of a 
Meconcnia, x about 
ISO. tr, tr, The two 
trache«B; ar, tho audl'> 
tory rod. 


forming almost immediately a ganglion, the supra- 
tympanal ganglion, to which I shall refer again pre- 
sently; the other passing down to the tympanum, 
where it expands into an elongated flat ganglion, known 
after its discoverer as the organ of Siebold (Fig. 65), 
and closely applied to the anterior tracheae. 
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It is well sbown in Fig. 05, taken from Graber. At 
I he opper part of the ganglion is a group terminating 
below in a single row of Tesicles, the first few of which 



Fig. 65.---Th<» tr»ch#w and norvr-pnd organa from thi* tibia of a graMhopper 
(f'phippiffrra tnf»Mw); after Gralter. Terminal vet^lclen of Klebold'a oruau; 

hT, binder tympanum ; Sj), apace U‘twe<'n the trachea? ; /iTr, hinder branclt of th« 
^tiliea; .v.v, nervea of the organ of Sie1>oUl ; ffo, aupra-tympanal ganglion; 
tjr, group of veficlea of the organ of Siebold ; vy, conm-eting nerve-hbriU l*etwe<rn 
ti^ gangi Ionic cells and the terminal vesicles ; ,sio, nerve terminatlona of the organ 
of Hiebold ; vT, front tympanum ; rTV, front branch of the traciMa. 

are approximately equal, but which subsequently 
diminish repnlarly in size. Each of these vesicles is 
connected with the nerve by a fibril (Fig. 65, vN), and 
contains an auditory rod (Fig* 66). 
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One of these auditory rods is shown in Fig. 66, 
and the general arrangement is shown in the subjoined 
diagrammatic figure (Fig. G7). The rods 
were first described by Siebold, who con- 
sidered them to be auditory from their 
association with the stridulating organs. 
They have since been discovered in 
many other insects, and may be re- 
garded as specially characteristic of the 
acoustic organs of inseeta They are 
brightly refractive, more or less elon- 
gated, slightly club-shaped, hollow (in 
which they difier from tlie retinal rods), 
and terminate, in Graber’s opinion,* in 
a separate end-piece (Fig. 6G, ho). In 
different insects, besides being in some 
cases more elongated than in others, 
they present various minor modifica- 
tions in form, but are nearly uniform in 
size — about •OIG mm. ; being as large, for instance, in 
the young larva of a Tubanus (2 mm. long) as in 
much larger insects. They are, as we shall see, widely 
distributed in insects, but as yet unknown in other 
animals. 

At the upper part of the tibial organ of Ephippigera 
there is, as already mentioned, a group of cells, and 
below them a single row (Fig. G5) of cells gradually 
diminishing in size from above downwards. One can- 
not but ask one’s self whether the gradually diminish- 
ing size of the cells in the organ of Siebold (Fig. 66) 
may not have reference to the perception of different 


Klg. 08.— Auditory 

rod of ft grasft- 
ljopj>or, (irylluM 
viridittimtit (iifl4?r 
(fralK*r, Fig. 90), 
fU', Auditory rrMl; 
ko, lormluftl piece. 


* Graber, ** Dio ohordotonalen Sinnesurgaue und das Gebor der 
InsektoD,** Arch, fur Mic. Anat.^ 1882. 
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notee, as is the case with the series of diminishing 
arches in the organ of Corti (ante, p. 80) of our own ears. 

I hare already alluded to the supra-tympanal 
ganglion; this also terminates in a number of vesicles 



Fig, 67.” niBgrmm of a nection though tbe auditory organ of a OraBahopppr (Meoo- 
uema). c, cuticle ; a r, auditory rod ; a.c, auditory cell ( tr, trachea*. 

containing auditory rods, which are said to be somewhat 
more elongated than those in the organ of Siebold. 

The arrangement of the organ is very curious, and 
will best be understood by reference to Fig. 08. 

The great auditory nerve, as already mentioned, 
bifurcates almost immediately after entering the tibia, 
and one of the branches swell into a ganglion: from 
this ganglion proceed fibres w’hich enlarge into 
vesicles (Fig. 68), each containing an auditory rod ; and 
then again contract, approximate into a close bundle, 
and coalesce with the hypoderm (inner skin) of the 
wall of the tibia. The supra-tympanal organ of the 
crickets closely resembles that of the grasshoppers, 
while, on the other hand, they appear entirely to want 
the organ of Siebold (Fig. 65). This is a very remark- 
able difference to exist in two organs otherwise so 
similar. 

There appear to be two ways in which the atmospheric 
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vibrations may bo comnannicated to the nerve : either 
the vibrations of tlie tympanum may act upon the 
air in the tracheae, and so upon the auditory rods, or 
tho air in the tracheae may remain passive, and the 
vibrations may act upon the auditory rods through tho 
fluid in the anterior chamber of the leg. The fact 
that the auditory rod is turned away from the tracheae 
would seem to favour this hypothesis. 



Fig. CH.—OttUT part of a (W'ctlon through the tibia of a Onfllu* viridatsxmuf (afU*? 
Clrabor). k, Hiinl niiiface of leg; p, wall of trachea; F, /at Inxlies; .s’u, »ua 
of the trachea; cH’, tracheAl nail; TV. nerve; gt, ganglionic ct^lU ; r//.'t»8aue 
connecting tho ganglionic cell.s, F Sch , end tubes of the ganglionic cell)*, each 
containing an auditory rod , fa, terminal threads of ditto. 


In the true Locustidao (Aoridiodeaj of Oraber) the 
organ of hearing is situated, not in the anterior tibiae, 
but in the first segment of the abdomen ; externally it is 
marked by a glistening appearance, and it is oval, or in 
some cases nearly ear-shaped. It was first noticed by 
Degeer. Behind the tympanum is a large tracheal sac, 
as in the families already described, and the tension of 
the tympanum is regulated by one, or in some cases by 
two muscles. The tympanum also presents two chitin- 
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oas or boroj thickenings, a small triangnlar knob, amt 
a larger, somewhat complicated piece, cou8i8*ing of two 
processes — a shorter upper, and a longer lower one, 
making a broad angle with one another. 

As in the preceding families, so also in the 
Locustidm, the acoustic nerve is in close connection 
with the trachero ; it swells into a ganglion, which con- 
tains in some species as many as 150 auditory rods, and 
then, as in the supra-tympanal organ (see p. 105), con- 
tracts into a ta|>ering end, which is attached to the small 
chitinous knob. The auditory rods differ in no res^rect, 
as yet ascertained, from those already de8cril)cd. 

For many years no structure corresponding to the 
tibial auditory organ of the Orthoptera was known in 
any other insect. 

In 1877, however, I discovered * in ants a structure 
which in some remarkable points resembles that of the 
Orthoptera, and which I described as follo^vs : — “ The 
large trachea of the leg (Fig. 60) is considerably 


S iS 



Fig. 69,— Tibia of yellow ant (iMitius flatruti), x 7.1. S, S, Rwellinga of large trachea; 
rf, small branch of trach**a; ar, chordotonal organ. 

swollen in the tibia, and sends off, shortly after entering 
the tibia, a branch which, after running for some time 
parallel to the principal trunk, joins it again. 

“Now, I observed that in many other insects the 

• Lubbock, **Od the Aiiatoray of AnU/’ Microscopical Journal^ 
1877, 
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trachete of the tibia are dilated, aometimea with a 
reoarrent branch. The same ia the case even in some 
mites. I will, however, reserve what I have to say on 
this subject, with reference to other insects, for another 
occasion, and will at present confine myself to the ants. 
If we examine the tibia, say of Lastaa flavtis, we shall 
see that the trachea presents a remarkable arrange- 
ment (Fig. 69), which at once reminds us of that which 
occurs in Gryllus and other Orthoptera. In the femur 
it has a diameter of about of an inch ; as soon, 

however, as it enters the tibia, it swells to a diameter 
of about yio of an inch, then contracts again to 
and then again, at the apical extremity of the tibia, 
once more expands to yJjj. Moreover, as in Gryllus, 
so also in Formica, a small branch rises from the upper 
sac, runs almost straight down the tibia, and falls 
again into the main trachea just above the lower sac. 

“The remarkable sacs (Fig. C9, S, S) at the two 
extremities of the trachea in the tibia may also be well 
seen in other transparent species, such, for instance, as 
Myrmica ruginodis and Pheidole megacephala. 

“ At the place where the upper tracheal sac contracts 
(Fig. G9) there is, moreover, a conical striated organ {x), 
which is situated at the back of the leg, just at the 
apical end of the upper tracheal sac. The broad base 
lies against the external wall of the leg, and the 
fibres converge inwards. Indications of bright rods 
may also be perceived, but I was never able to make 
them out very clearly.” 

This closely resembles both in structure and position 
the supra-tympanal auditory organ of the Orthoptera. 

Graber has entirely confirmed this account and dis- 
covered some insects in which the structure is more 
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clearly visible than in any which I had examined. 
Fig. 70 represents part of the tibia of Isojderyx apioaUi. 

These organs do not, however, oppijar to be univer- 
sally present. In some very transparent species no 
trace of them can be found. 

But though so similar in structure, and probably in 





Klg. to.*— -Purt of the tibia of Jsoi4rr\;x npicalif (aflcr firtln'r). St, Auditory ornan \ 
ff, U-rmluai filament; C'w, cuticle, (i, ganglion ca'IIs; f/, terminal filaments; fr, 
iratiica ; n, nerve. 

function, it may be doubted whether this tibial organ 
in the ants can be traced to a comtnoii origin with that 
of the Orthoptera. According to Gruber, the direction 
of the rods is reversed in the two cases, which lie regards 
as clear proofs that they have arisen independently. 
He is even of opinion that the tympana themselves 
have originated independently in the different groups 
of Orthoptera. Moreover, Graber has found this organ 
in certain insects not only in the anterior, but also in 
the two other pairs of legs. Indeed, rods of the same 
character have been found in other regions of the body. 

* In this, as in one or two of the other figures^ the explanation of 
•tnue of the lettering appciim to ba omitted in the original. At least* 
1 ha?© been unable to find it 
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As long ago as 1764 Keller* observed that tlie base 
of the curious club-like “halteres,” or rudimentary 
hind-wings of flies, “est gamie de polls tres courts, 
oh la tige a le plus d’epaisseur j)re3 du corps ; elle est 
inflexible, et presque garrotte par en 
baut de pluaieurs nerfs ; en uu mot, elle 
est faite de mauierc que Ton peut juger 
par sa force par les dehors.” This 
observation remained unnoticed, and no 
further description appears to have been 
given of the organ until it was redis- 
covered by Hicks in 1836, and more 
fully described in 1837.t 
He found that though in the Diptera 
(flies and gnats) the hind wings are 
reduced to two minute, club-shaped 
organs, they still receive a nerve which 
is the largest in the insect, except that 
which goes to the eyes. This proves 
that they must serve some important 
function, aud renders it almost certain 
that they are the seats of some sense. 
He also found at the base of the halteres 
a number of “ vesicles,” arranged in four 
group.'i, aud to each of which the nerve 
^*{Liu!w.°of ‘t fl/ sends a branch, tlvough the inode of pre- 
(»Aer uiwttf). paratiou which he adopted did not 
permit him to see the finer structure of the nerves, 
which he figures as mere fine, hard lines. He describes 
the “ vesicles ” as “ thin, transparent, hemispherical, or 

• ‘*Ge8chicbte der gemeinon Stubcnlliege/* 17G4. I have not seen 
the original, and quote from Hicks’s |)a^>er. 
t Transaetiont of the Linnean Socittt/f vol. xvii. 
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more nearly spherical projections from the ontioular 
surface,” and as placed in rows. The number and 
arrangement differ in different species: the blowfly 
(Sarcophaga camaria) has ten rows, Sgrphua luniger as 
many as twenty. 

These organs have recently been again examined by 
Bolles Lee.* The vesicles are, according to him, un- 
doubtedly perforated, contain a minute hair, and those 
of the upper groups are protected by hoods of chitine. 
lie inclines to correlate them with the similar antennal 
organs, which he regards os olfactory. His view of the 
minute structure of these rods differs from that of 
previous authors, and the subject requires further 
study. 

He finds, moreover, that the sense-organ containing 
the rods has nothing to do with the vesicular plates, 
but that they are attached to the cuticle in a different 
place, and where it presents no special modification. 

The numerous small membranes in the halteros of 
insects seem to bca. somewhat the same relation to 
the single tympanum of, say, the locust, as the many- 
faceted eyes do to those with a single cornea. The 
head of the halteres is divided into two separate 
spaces by a membrane composed of elongated hypo- 
dermal cells. The upper part contains a number of 
large vesicular cells, like those which are in connection 
with the ends of the trachero. It does not appear 
to contain any special sense-organ, and, in fact, the large 
nerve is almost entirely devoted to the sense-organs at 
the base. M. Bolles Lee suggests that it perhaps 
serves principally to regulate the pressure on these 
delicate structures. 

* “ Let B&lauciertf dci» Diptiferca/’ Eecueil Zool Sume^ 1885# 
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Special 8ett»e-organB occnr also on the wings of other 
insects. Hicks found them “ most perfect in the Diptera, 
next so in the Coleoptera, rather less so in the Lepidop- 
tera,bnt slightly develoj)ed in the Neuroptera, scarcely 
at all in the Orthoptera (though this assertion may be 
hereafter modified), and that only a trace of them exists 
in tbe Hemiptera.” They are similarly constituted and 
equally developed in both sexes. Hicks regarded them 
as organs of smell. Leydig,* on the contrary, considered 
them as auditory organs. His mode of preparation dis- 
played better the structure of the nerves, and he found 
that they end in j)eculiar, club-shaped rods (Sidicheti 
Oder Stajle), closely resembling those in the ears of 
Orthoptera. He observes that, as in the case of the 
tibial auditory rods of Orthoptera these rods are of 
two sorts, which are arranged separately, those in one 
part of the organs being shorter and blunter, those in 
another more pointed and elongated. Holies Lee, on 
the contrary, considers that the supposed existence of 
two forms, pointed and rounded, is merely due to an 
optical deception, and that in reality they are all 
similar. Leydig also observed in some cases that the 
rods were thrown into fine ridges. He found also 
somewhat similar papillte on the front wings of certain 
insects, but could not detect in them the characteristic 
nerve-ends. It must be confessed that the base of the 
wing would not seem a convenient place for an organ 
of hearing. The movements of the wing, it might 
well be supposed, would interfere with any delicate 
sensations. Still, this objection would apply to almost 
any sense being thus placed. 

“Auditory rods” are now, moreover, known to occur 

* Anhiv^ 1860 . 
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in other [mrts of the body ; for instance, they have been 
discovered in the antennae of a water-beetle (Dvtiscus) 
and of Telephorus by Hicks, I^ydig, and Gral)er,and in 
the body segments of several larvm by Leydig, Woisa- 
mann, Graber, Grobben, and Bolles I^e, In the larva 
of Dytiscus, indeed, they have been observed in the 
body, antonnoD, palpi, under lip, and legs. Moreover, 
while, as wo have seen, in the tibia) of Orthoptora 
and the halteres of flies they are numerous, in some of 
these cases they arc few, sometimes, indeed, only a 
single rod lx)ing present, as discovered by (iroblxn in 
Ptychoptera/ Nevertheless the evidence that they 
are really acoustic organs is, in the case of the 
Orthoptera, so strong, their structure is so peculiar, 
and the gradation of these organs from the most com- 
plex to the most simple is so complete, that it seems 
reasonable to attribute to them the same function. 

Moreover, as regards the very simplest forms there is 
another consideration pointing to this eoncluHion. We 
have seen that in the Orthoptera the terminal tilamcnts 
close up, and are attached to the skin. Now, it seems 
to be a very general rule, in reference to these organs, 
that they are attached to the skin at two points, 
between which is situated the attachment of the nerve. 
These points, moreover, are so selected as to be main- 
tained at the same distance from one another, thus pre- 
serving an equable tension in the connecting filament. 

Fig. 72, for instance, represents part of one segment 
of the IxKly of the larva of a gnat (Corcthra). This larva 
is as transparent as glass, and very common in ponds, 
a most beautiful and instructive microscopic object 
EG is the ganglion ; a is the nerve in question, which 

* sax, dcr K. Akad der WUs. IFiVn, 1876. 
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gwells into a little triangular ganglion at g\ from g 
the auditory organ runs straight to the skin at 0, 
and contains two or three auditory rods (not, how- 
ever, shown in the figure) at the point CA«; in the 
opposite direction, a fine ligament passes from g to the 



Fig. 72.— Right hftlf of eighth ttegroent of the hidy of the Un-a of a gnat (CorHhra 
, after tjir»lM?r. /i’f/ (langlia , y, nerve; g, auditory ganglion; 
gb. auditory ligawent; Chs, auditory rods; a, audit*»ry ner\e; c, attachment ot 
auditory orgati to the akin; b, aiiaclmient of auditory ligament to the akin; 
/m, hn\ terminaiton of ak in -nerve ; th. pluinotu* tactile hair; simple hair; 
tg, ganglion of tactile hair; Im, longitudinal muscle. 

skin at h. Hence tlie organ ge is suspended in a 
certain state of tension, and is favourably situated to 
receive even very fine vibrations.* 

There are, as we have seen, a large number of 
observations which point to the antennm as organs of 
hearing, and many more might have been given. 
When we come to consider, however, the anatomical 
provision which renders the perception of sound 
* Similar organs occur in other insects, as, for instance, in Ptychoptera. 
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poanble, we are met by great diflSoalties. The eridence 
ia, I think, ooncIosiTO that the antennm are olfactory 
aa well as tactile organs, and 1 believe that they serve 
also aa organs of hearing. There are, moreover, aa 
shown in the last chapter, various remarkable struotores 
in the antonnse, and 1 have given reasons for thinking 
some of them to bo tho seat of the sense of smell. 
Which, if any, of the remainder convey the sense of 
sound, it is not easy to determine. I liave suggested 
that Hicks’s bottles (Fig. 43) may act os microscopic 
stethoscopes ; * but they occur, so far as we at present 
know, only in ants and certain bees. 



Fig. 73.--neftd of griRt. 

That some of the antennal hairs are auditory can, 
I think, no longer be doubted. Johnson, whose figure 
I give (Fig. 73), suggestedf in 1855 that the hairs on 
the antenna3 of gnats serve for hearing. Mayer also^ 

• I am glad to sea that Loydig, who, bowcTcr, doe« not appear to ba?o 
read eitbor Hicks’s x^por or mine, also regards these m obordotonal 
organs {Zool. Anu, 1886). 

t Quarterly Journal of Uicro$eaplcal 1855. 

t iitieHoaii Journal of Science ani ArU, 1874. 
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led by the observations of Hensen, has made similar 
experiments with the mosquito, the male of which has 
beautifully feathered antenum. He fastened one down 
on a glass slide, and then sounded a series of tuning- 
forks* With an Ut 4 fork of 512 vibrations per second 
he found that some of the hairs were thrown into 
vigorous movement, while others remained nearly 
stationary. The lower (Uta) and higher (Ut^) harmo- 
nics of XJt* also caused more vibration than any 
intermediate notes. These hairs, then, are specially 
tuned so as to respond to vibrations numbering 512 
per second. Other hairs vibrated to other notes, 
extending through the middle and next higher octave 
of the piano. Mayer then made large wooden models 
of these hairs, and, on counting the number of vibra- 
tions they made when they were clamped at one end 
and then drawn on one side, he found that it coincided 
with the ratio existing between the numbers of vibrations 
of the forks to which co-vibrated the fibrils.” It is 
interesting that the hum of the female gnat corresponds 
nearly to this note, and would consequently set the 
hairs in vibration. 

Moreover, those auditory hairs are most affected 
which are at right angles to the direction from which 
the sound comes. Hence, from the position of the 
antennm and the hairs, a sound will act most intensely 
if it is directly in front of the head. Suppose, then, 
a male gnat hears the hum of a female at some little 
distance. Perhaps the sound affects one antenna more 
than the other. He turns his head until the two 
antenum are equally affected, and is thus able to 
direct his flight straight towards the female. 

The auditory organs of insects, then, are situated in 
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difl'erent insects in different parts of the body, and 
there is strong reason to believe that even in the same 
animal the sensitiveness to sounds is not necessarily 
confined to one part. In the cricket, for instance, the 
sense of hearing appears to bo seated partly in the 
antennno, and partly in the anterior legs. In other 
cases, as in Corethra, the division appears to be carried 
still further, and a ‘‘ chordotonal ** organ occurs in each 
of several segments. 

No doubt the multiplication of complex organs, like 
our ears, arranged as they are to appreciate a great 
variety of sounds, would be so great a waste that any 
theory implying such a state of things would be quite 
untenable ; but with simple organs, such, for instance, 
as that of Corethra* (gnat; Fig. 72), the case is 
diftercnt, and there would seem to bo an obvious 
advantage in such organs occurring in different parts 
of the body, ready to receive sound-waves coming from 
different directions. Moreover, the different organa 
exist; they do not appear to be organs of touch, yet 
they are clearly organs of sense, and that sense, what- 
ever it be, whether hearing or any other, and though 
it may well bo simple, and even perhaps confus^, 
must be seated in various parts of the body. The fact 
of their being so distributed does not make it more 
improbable that they should bo organs of hearing, than 
of any other sense. 

At tin.' same time, it is an interesting result of recent 
investigations that the auditory organs of insects are 
not only situated in various parts of the body, but are 
constructed on such different principles. 

• Where, however, the number doe* not approach to that in oertaia 
Slddofiiio (lioe ante, p. 84), 
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CHAPTER VI. 

THE SENSE OF SIGHT. 

It might at first sight seem easy enough to answer the 
question whether an animal can see or not. In reality, 
however, the problem is by no means so simple. We 
find, in fact, every gradation from the mere power of 
distinguishing a difference between light and darkness 
up to the perception of form and colour which we 
ourselves enjoy. 

The undifferentiated tissues of the lower animals, 
and even of plants, are, as we all know, affected in a 
marked manner by the action of light. 

But to see, in the sense of perceiving the forms of 
objects, an animal must possess some apparatus by 
means of which — firstly, the light coming from different 
points, a, h, e, d, e, etc., is caused to act on separate 
parts of the retina in the same relative positions ; and 
secondly, by means of which these points of the retina 
can be protected from the light coming in other 
directions. 

There are three modes in which it is theoretically 
possible that this might be effected. 

Firstly, let /S /S' be an opaque screen, with a small 
orifice at o. Let ah c d e he & body in front of the 
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toreen. In this case the rays from the point e can 
pass straight through the orifice o, and fall on the 
retina ot an eye, or on a flat surface at o'. There is 
no other direction in which the rays from e could pass 
through 0. In the same way, 
the light from a would fall on 
the point o', that from b ou V, 
from d on d', and e on e'. 

The results which would 1 k) 
given in this way would be, 
however, very imperfect, and, 
as a matter of fact, no eye con- 
structed on this system is 
known to exist. 

Secondly, let a number of 
transparent tubes or cones with opaque walls bo ranged 
side by side in front of the retina, and separated from 
one another by black pigment. In this case tho only 
light which can reach the optic nerve will bo that which 
falls on any given tube in the direction of its axis. 



For instance, in Fig. 75 the light from a will pass to a\ 
that from b to 5', that from c to o', and so on. The 
light from c, which falls on the other tubes, will not 
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reach the nerve, but will impinge on the sides and be 
absorbed by the pigment Thus, though the light 
from c will illuminate the whole surfttce of the eye, it 
will only affect the nerve at c\ 

In this mode of vision, which was first clearly 
explained by Johannes Muller, the distinctness of the 
image will be greater in proportion to the number of 
separate cones. ‘‘An image,’* he says/ “formed by 
several thousand separate points, of which each corre- 
sponds to a distinct field of vision in the external 
w'orld, will resemble a piece of mosaic w^ork, and a 
better idea cannot bo conceived of the image of 
external objects which will be depicted on the retina 
of beings endowed with such organs of vision, than by 
comparing it with perfect work of that kind.** 

Thcn^ is it will presently be seen, reason to suppose 
that the compound eyes of insects, Crustacea, and 
some molluscs, are constructed on this plan. 

Thirdly, let L (Fig. 76) be a lens of such a form 



that all the light which falls upon its surface from the 
point a is re-collected at the point a', that from b at F, 
from c at c', and so on. If now other light be excluded, 

• Phys. of the Senses,” by Johannes Muller, translated by Dr. 
Baly. 
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an image of a i c will be thrown on a screen or on a 
retina at a' h' c'. The imago, it will be observed, is 
necessarily reversed. This is the form of eye which 
we possess ourselves; it is, in fact, a camera obscnra. 
It is that of all the higher animals, of most molluscs, 
the ocelli of insects, etc. 

Fig. 77, taken from JIt-lmholtz, will give on idea cf 
the manner in which we sec. 



Fig. J?. — VltreoiM humor; len*; W, arfurous humor; c. cllUry procoM; S, 
ojitk DPTve ; r «, omiwiioory llgomont ; k k, hyoloW membrane ; //, A h, cornea i 
g g, clumyid; t, rctloAi I ^ ciliary muscle; mf, n /, Klcrollc coil; i) », iris; «. 
U»e yellow dpot. 

The eyeball is surrounded by a dense fibrous mem- 
brane, the sclerotic coat, or white of the eye, mf, nf which 
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passes in front into the glassy, transparent cornea,//, 
A A ; the greater part of the centre of the eye is occupied 
by a clear gelatinous mass, the vitreous humor, G, in 
front of which is the lens, L ; while between the lens and 
the cornea is the aqueous humor, W. The sclerotic 
coat is lined at the back of the eye by a delicate, 
vascular, and pigmented membrane — the choroid, ^ p, so 
called from the great number of blood-vessels which it 
contains ; in front this membrane joins the iris, p p, 
which leaves a central opening, the pupil, so called 
from the little image of ourselves, which we see re- 
flected from an eye when wo look into it. The iris gives 
its colour to the eye, its posterior membrane con- 
taining pigment-cells ; if these are few in number, it 
appears blue, from the layer behind shining through, 
and the greater the number of these cells the deeper 
the colour, e e, is a peculiar membrane, which serves to 
retain the lens in its place. The optic nerve, d, enters 
at the back of the eye, and, spreading out on all sides, 
forms the retina, i, of which one spot, s, the yellow spot, 
is pre-eminently sensitive. The action of the eye re- 
sembles that of a camera obscura, and, as shown in 
Fig. 76, the rays which fall upon it are refracted so 
as to form a reversed picture on the back of the eye. 

The retina (Fig. 78) is very complicated, and, 
though no thicker than a sheet of thin paper, consists 
of no less than nine separate layers, the innermost 
(Figs. 78, 79) being the rods and cones, which are the 
immediate recipients of the undulations of light. 
Fig. 79 represents the rods and cones isolated and 
somewhat more enlarged. 

The number of rods and cones in the human eye is 
enormous. At a moderate computation the cones may 
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be estimated at over 3,000,000; and the I'ods at 
30,000,000.* 



Fig- 73.— flection Ibrotigh lb« retina (arter Max SchullMV Befcinning from the outffid«. 
1, limitary membrane ; 2, layer of rierve-flbrea ; 3. layer of nerve-c#*lU; 4, nuclear 
layer; b. Inner nuclear layer; 3, Intermediate nuclear layer; 7, outer nuclaar 
layer ; 8 . poaterlor membraoe ; 9, layer of small rods and cones ; 10, choroW. 

* Sulzer estimate* the cone* at 3,360,000 ; Krause placei the conea 
at 7,000,000, the rod* at 130,000,000 ; but Professor M. Foster tells me 
that he thinks the latter Hgure is too high. 
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It will be observed that the nerve does not, as one 
might naturally have expected, enter the eye and then 
spread itself out at the back of the retina ; but, on the 
« ^ i contrary, pierces tlie retina 

j\ \ and spreads itself out on the 

l\ \ front, so that the cones and 

a m gk rods look innards, and not 

M M I Im 9 outwards — towards the back 

ilBif •*! I IM 

lllllf' "*'1 i ill object itstdf. In fact, we do 

S 1 , ' not look outwards at the 

« lLi-i|-Wl — actual object, but we see the 
> -4i| \l \ object os reflected from the 

j y 11 ’ ■ U base of our own eye. 

Y I 11 From the arrangement of 

\ I the rods in eyes of verte- 

J L j brata, then, the light has 

I necessarily to pass through 

1 Y the retina, and is then re* 

I I fleeted back on it. This 

1 i involves some loss of light } 

I ] on the other hand, it perhaps 

A I A secures the advantage that 

sensitive terminations of 
* rods and cones can be 

innor «>gmenu, of rod. “ore readily supplied with 


Fig. 79.— inner negnienw of 


'Ihe blood. 

I do not propose to enter 

tbo Interior of the Inner erginent of fit a i*AflHrkn fVns 

both rod and cone fibrUUr alruaure reaSOn lOr 1018 

^ peculiar arrangement, w hich 

is connected with the development of the eye. But 
it is so different from what might have been expected, 
is in itself so interesting, and makes so important a 
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contrast with the form which is general, though not 
nnivorsal among the lower animals, that I think it 


will not be out of place to 
mention a very simple and 
beautiful ex|>eriinent by 
which every one can satisfy 
himself that it is so. 

One result is that we have 
in each eye a blind spot, that 
at which the nerve enters. 
Turn the present page, so 
that the white circle is in 
front of the left eye and the 
small cross in front of the 
right. Tl)en close the right 
eye, look steadily across at 
the cross witli the left, 
and move the book slowly 
backwards and forwards. 
At one particular distance, 
about ten inches, the white 
circle will come opposite 
the blind spot and will 
instantaneously disappear. 
Across an ordinary room, if 
a man stands in front of a 
screen, his head may in the 
same way be made entirely 
to vanish. 

The ordinary vertebrate 
eye consists of two main 



divisions : the refractive 


part, which is a modified portion of the skin ; and tho 
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receptive part, which arises from the central nervous 
system ; and the inverted arrangement of the rods is, 
we can hardly doubt, connected with the develop- 
ment of the eye, though it is not yet, I think, satis- 
factorily explained. 

There is, however, another eye in vertebrates, with 
reference to which I must say something, and which, 
though now rudimentary, is most interesting. Our 
brain contains a small organ, about as large as a hazel- 
nut, known, from its being shaped somewhat like a cone 
of a pine, as the pineal gland. Its function has long 
been a puzzle to physiologists. Descartes suggested 
that it was perhaps the seat of the soul ; and though 
this idea, of course, could not bo entertained, no 
suggestion even plausible had been made. 

So matters stood until quite recently, when a most 
unexpected light has been thrown upon the question. 
As long ago as 1829, Brandt, describing the skull of 
a lizard (Lacerta agilis)^ pointed out that in the 
centre of the top of the head was a peculiar spot, one 
of the scales being quite unlike the rest. Leydig* 
subsequently observed that on the head of the slow- 
worm {Anguis fragilis) there is a dark spot surrounding 
a small unpigmented body immediately over the pineal 
gland. Iiabl-Iluckhard,t in 1884, again called atten- 
tion to this structure, and suggested that it might 
serve for the perception of warmth. Alilborn,J in the 
same year, was the first to suggest that it was a 
rudimentary eye. De Graaf§ has the merit of dis- 

♦ “ Die Arten der Saurier.” 

t “ Eutw. des Knochenflscbgehirn,” Bericht der Sitz. natur/.Freunde, 
Berlin: 1882. 

X “ Uebor d. Bedentung der Zirbeldrti.se,’* Zeit.fUr Wis$. Zocl.y ISSi. 

§ ^ Zur. Aunt and Ent. der Epi. b. Ainpbibien und Eeptilien,” Zocl^ 
Aim., 188 S. 
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covering that in the slow^worm the pineal gland ia 
actually modified into a structure resembling an inver- 
tebrate eye. This remarkable structure has since been 
examiued in various Reptiha by Mr. Spencer.* It 
appears to be more highly organized in Hutteria than 
in any other form yet studied ; but the retrogression of 
the different structures has not proceeded pari jxmu, 
in some cases the lens, in some the retina, in others 
the nerve, having been most modified, or having dis- 
appeared. In Hatteria and Varauus the eye is very 
distinct ; the interior parts being more perfect in the 
former ; while in the latter it is extonially most con- 
spicuous, standing out prominently from its creamy 
whiteness. The lens is cellular in structure, and thins 


away rapidly at the sides. The “ rods ” are well 
developed, and embedded in pigment. 

S|ienoer describes the various modifications of the 


organ in the iguanas, chame- 
leons, flying lizards, geckos, etc. 

Fig. 81 represents the ex- 
ternal aspects of the eye-scale 
in a small lizard (Calotis), with 
the transparent cornea in the 
middle, through which the eye 
is seen ; and the diagram 
Fig. 82 a section through 
the eye-scale of a small lizard 
(Lacerta). 

A very interesting point in 
connection with the pineal eye 



Fltf. fll — Pineal eye-acale nn lha 
head of a hidaU llzAXd (CalotlA) ; 
after Siwncer, 


consists in the fact that the optic nerve does not 
penetrate the retina, and then spread out on its outer 


• Quari^rfy Journal of MicroKopieal Science, October. 1886. 
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surface, as in the lateral eyes of all vertebrates, but, on 
the contrary, is distributed over its exterior surface. It 
is, therefore, os De Graaf pointed out, formed in this 
respect on the type of the usual invertebrate eye ; so 
that we have the remarkable fa( t that in the same 



Fig. fi2.— PlAgram of a Motion throngh tlio akull an<i pineal oyo of lA(rrta viridit. 
C, Culicl*'; Pa, parietal bonf* ; A’p. epMormla ; lens; Ptg, IMgnicnt; /?, reto 
inuacewura ; VII, cerebral hemisphere ; .V, nerve ; A’.p, epiphysis ; (/pi, optic loho 
of brain. 


vertebrate animal we find eyes formed on two different 
types. Not only so, but the development is dissimilar, 
the lens of the pineal eye beinp formed out of the 
walls of the neural canal. So that the lens of the 
pineal eye is a totally different structure from that of 
the lateral eyes, 

Spencer observed no effect whatever when he threw 
a strong light on the pineal eye. In fact, he does not 
believe that in any of the species examined by him 
the organ is at present in a functional condition. 
Indeed, in some cases the cornea is quite opaque, and 
in others the nerve to the brain is not continuous ; so 
that there can be no vision. At the same time, it 
seems to be established that this organ is the degraded 
relic of what was once a true eye. 

From the size of the pineal orifice in the skull of 
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the hnge extinct reptiles, such as Ichthyosanrns and 
Plesiosaurus, it has been, I think, fairly inferred that 
the pineal eye was much more developed than in any 
known living form. 

In living fish and Amphibia, so far as they have been 
yet examined, the organ is even more rudimentary 
than in reptiles. But in tlie fossil Labyrinthodonts the 
skull possesses a large and well-marked orifice for the 
passage of the pineal nerve. This orific'e is, in fact, 
so largo that it can scarcely be doubted tliat the eye in 
these remarkable amphibia was also well developed, 
and served os a third organ of vision. 

In birds the organ is present, but retains no re- 
semblance to an eye. It is solid and highly vtiscular. 
In mammals it is still more degenerate, though a trace 
is still present even in man himself. 

The larval Ascidians, which present so many points 
of resemblance to the lowest vertebrates, and especially 
to tlie Lancelet (Ampliioxus), have hitherto been re- 
garded as differing from them in the possession of a 
central eye. It now, however, appears that tlie verte- 
brate type did originally possess a central eye, of which 
the so-called pineal gland is the last trace. 

It seems, then, very tempting to regard the pineal 
eye as re[ire8enting the central eye of Amphioxus; 
but Spencer points out that the two organs differ 
greatly in structure, and he himself doubts whether 
the pineal eye is really the direct representative of the 
central eye in the Tunicata. 

B^raneck • also regards the pineal as entirely 
different from the central eye of the Tunicata. Indeed, 
he considers its differentiation as an eye to be a 

• “Ueber d. Parietal Aug© der Beptilieu,’’ Jemi$clu ZeiL, 1S87. 

K 
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secondary modification, and coneiders that it had 
previously served some other function. 

However this may be, it cannot be doubted that the 
pineal gland in Mammalia is the representative of the 
cerebral lobe which supplies the rudimentary pineal 
eye of Reptilia, and this itself is probably the degenerate 
descendant of an organ which in former ages performed 
the functions of a true organ of vision. 


The Oeoans of Vision in the Lower Animals. 




Mere sensibility to light is possible without any 
optical apparatus. Even plants, as we know, can well 
distinguish between light and darkness; and though 
it seems that in our own case the general surface of 
the skin has lost its sensitiveness to light, still, in many 
of the lower animals, light seems to act generally and 
directly on the tissues. 

Some microscopic vegetable forms even, as, for in- 
stance, Englena (Fig. 83), possess a red spot,* which 

appears to be specially sensi- 
tive to light. 

The lower animals are, in 
a great many cases, very 
transparent. Light passes 
easily through them, and, 
except in so far as it is ab- 
sorbed, can hardly be supposed to produce any effect. 
The most rudimentary form of a light-organ, then, may 
be considered to be a coloured spot. 

In the first chapter I have endeavoured to show how 

* The moving zoospores of certain algos also possess a red spot, 
Vfhioh may perhaps have special reference to light. 



Fig. ^Z.~-Iilnglena viridis 
, Eye-spot. 



OOLOB-8POT8. 


ISl 


it may be possible to trace an almost complete series 
from such a mere spot of colour in the skin up to a 
complex organ of vision, such, for instance, as that of 
a snail ; indeed, in the development of the eye in the 
individual animal may be traced some of the same stages 
as have probably been passed through by the ancestral 
forms of the animal itself in long bygone ages. 

We must not, however, suppose that all eyes can be 
traced back to one and the same origin, or have been 
developed in the same manner. There are even cases 
in which an organ fulfilling a different function appears 
to have been modified into an eye. 

Look, for instance, at the organ of touch of 
Onchidium* (Fig. 16). Tho cuticle (see p. 14) is 
thickened into a biconvex, almost lens-like body ; the 
epithelial cells are elongated, and below is a mass of 
cells, to which runs a nerve. A very little change 
would make this an organ capable of distinguishing 
light from darkness, and 
some of the eyes of On- 
ebidium appear, indeed, 
to have thus originated. 

Compare with this, for 
instance, the ocellus of 
the young larva of a 
water-beetle (Fig. 84), 
as figured by Grenacher, 

The eye-spots of Me- 
dusae were first noticed 
by Ehrenberg in 1836, 

and the lens was discovered many years afterwards by 
de Quatrefages. It is, in fact, by no means universally 
• A Blug-like genuB of molluscs. 



Fig. 84.— Section through the pimple eye of 
a young Dytisciw larva (after Grenacher). 

Corneal lens ; g, cell« forming the vltreou* 
humor; r, retina; o, optic nerve ; h, hypo- 
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proseot ; the eye, if bo it can be called, in many species 
insisting merely of a coloured spot, while in others 
it is entirely absent* 



Flff. 85.— Eye-Bpot of Llzzia (after Fig. 86. — Eye-bulb of ABtropecten (after 

Ilortwlg). oc, Ocellus ; I, leua llat^ckel). 

In the Eehinodermg, the eyes, which were discovered 
by Ehrenberg, have been described by Haeckel,t 
Wilson, J Lange, and other8.§ They are in some cases 
situated, as in Astropecten, on a pear-shaped bulb 
(Fig. 86). 

They consist of a lens (Fig. 87), supplied with a 
nerve, and lying in a mass of pigment. In Solaster or 

♦ Allmftn, “Mon. of tho Hydroids,” Ray Society, 1871. 

t “Ueberdie Angen und Nerren der Bees^rne ” Zeitfur Wiss., vol. x. 

X Tramaefiom of the Linnean Society. 

§ Lange, “ Beit. z. Anat. und Hist der Asterien and Ophiuren,” 
Morph. Jahrhuchf 1876. 
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Asterfto&Dthion the lenses look like brilliant oggs, 
“each in its own scarlet nest.” 

In some species there are as many as two hundred 

eyes; but there appears to ^ 
be no retina, so that they 
can do little more than dis- 
tinguish between light and 
darkness. 

It is quite possible that in 
some of the lower animals, 
where the eye-spot is sup- 
posed to consist merely of a 
layer of pigment at the end 
of a nerve, a lens may here- 
after be discovered. 

In the Turbellaria* the 
eyes, which were first noticed 
by de Quatrefages, are numerous, and lie immediately 
under the epithelium (skin). They consist of a certain 
number of crystalline rods and corresponding retinal 
cells, resting on a cup-shaped bed of pigment, and con- 
nected with a nerve. There is often a group on each 
side of the head, immediately over the brain. In 
species which possess tentacles the eyes are generally 
combined with them ; in others they are scattered over 
the whole periphery of the body, and look in all direc- 
tions. They differ greatly in size, and in the number 
of rods and retinal cells — the larger tentacular eyes 
having several; the small, scattered ones, which are 
generally more deeply situated, even as few as two or 
three. 


Fij?. b7.— Eye of Ast^rocAnthlon (after 
Haeckel), c, Cutlclo ; cpltbelium ; 
I, lens i jt, pigment 


* ^ Die Polycladen/* Fauna und Flora des Qolfea von Ncapel, 1884. 
Carrifere, “ Die Augen von Planaria ” Arch. /Ur Mic. Anatf 1882. 
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In most of the Annulata (worms), the eyes, so far as 
they have yet been described, are very simple, and 
probably in most cases not capable of giving more than 
a mere impression of light. In some species the eye- 
spot is merely a group of pigmented epithelial cells. 
In many (Fig. 87) there is, besides the pigment, a 
well-marked lens. At the same time, it is probable 
that in some cases this supposed simplicity is more 
apparent than real. The dioptric part is often cellular, 
consisting sometimes of one cell, sometimes of several. 
They are generally, but not always, situated on the 
head. The Polyophthalmians (Fig. 90), as already 
mentioned, have a series along the sides of the body, 
in pairs from the seventh to the eighteenth segments. 
I agree with Carri&re that there is no suflBcient reason 
for considering the supposed ‘‘eyes*’ of the leech as 
organs for the perception of light, but other species 
of the same group (Clepsine) possess well-marked, 
though rudimentary eyes.* 

Certain leeches — for instance, Fiscicola respirans — in 
addition to the pigmented spots on the head, have also 
some on the posterior sucking disc. These somewhat 
resemble the supposed organs of touch, but are larger, 
and surrounded by pigment. There is no lens, but the 
large cells are very transparent. It is not supposed 
that they give any distinct image, or can do more than 
distinguish light from darkness — as Leydig says, 
“ feel ” the light. Still, I must confess that the deter- 
mination of these curious organs as eyes seems to me 
very doubtful. 

Fig. 88 represents the anterior extremity of a small 
freshwater worm (Bohemilla). 

Graber, “ Morph. Unt. fiber die Augen der frei-lebenden Borsten- 
wfiriaer,” Arch, /fir Mic, Anat^ 1880. 
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Fig. 89 represents an eye-dot of Nereis. In this 
genus there are two pairs of eyes, which differ some- 



Fig, flg.->Antcrlor extremity of a freahwater worm {Bohemilla cornata); after 
Vejdovsky).* a, Eye ; b, brain ; c» cuticle ; hp^ bypoderm ; lb, tactile hair ; 
nc, nerve ; v, blood-vesael. 



what in structure, the lens in the anterior pair being 
flatter, that in the posterior more conical. In Hesione 
the difference is even more 
marked.! In Polyophthalmus, 
besides the eyes in the head, 
there is, as already mentioned, 
a series along the sides of 
the body, which differ some- 
what in structure from those 
in the head. 

As a general rule, in the Annelids each eye contains 
a single lens, but the cephalic eyes of Polyophthalmus, 
according to Mayer, contain three. 


f- 


FI 


89 .-_Eye*dot of Nereis (after 
_iuller). In B the pigment U 
partly removed so os to show 
the lens. 


* “ Sys. und Morph, der Oligochseten.** 

t Graber, “ Morph. Unt iiber die Augen der frei-lebenden Borsten- 
Arch, f Ur Mic. Anatj 1880. 
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Fig. 90.-- The first twelve segments of Polyophthalmus pictug, seen from below (after 
Mayer). The Roman numerals indicate the segments. SI, Papilhe on the head ; 
XS, head; au, head eve; «au, side eyes; 01, upper lip; ul, under lip; vph 
pharyngeal vein ; V.subinta, anterior ventral vein ; V.d.V-*, veins connecting the 
superior lateral and vessels ; intersegmentary membranes ; m.oci.l, Is^ral 

muscle of the oesophagus ; V.ann, pulsating circular vessel ; Md.dr, stomach- 
glands ; V.xy’l, vein connecting the Inferior and lateral blood-vessels ; Md, stomach \ 
Bm, muscles of the hairs ; (?, brain ; Jl,o, ciliated organ ; gm, transverse muscle. 
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The most highly organized eyes in Annelids appear to 
be those of the Alciopidae, which have been described 
by Krohn,* de QuatrefageSjt and especially by Greef t 
and Graber.§ The Alciopidae are small 


sea-worms ; they live principally in J 
the open sea, and, like many other s 
pelagic animals, are extremely trans- ^ 
parent. It is, indeed, often difficult ^ 
to see more of them than the two ^ 
ve^ large eyes, red or orange, and a ^ 
pair of dark violet dots (the seg- ^ 
mental organs) on each ring. $ 

The principal parts of their eyes are ^ 

—(1) the outer integument, the whole 3 $ 

of which is so transparent that it needs i 

scarcely any modification ; (2) the so- C 

called “ eye-skin,” as to the true 
nature of which there is still much ^ 

difference of opinion; (3) the lens; (4) 
the “corpus ciliare ; ” (5) the vitreous C 

humor ; and (6) the retina, which | 

again is composed of four layers — (a) / 

the rods; (h) pigment layer; (c) \ 

granular layer ; (d) fibrous layer. F,g, «,._Aiciopo (ai,or 
In Mollusca the eyes are variously 
situated ; being, for instance, either placed on the pos- 
terior tentacles ; or between the feelers, as in the fresh- 
water species ; or on a short stalk at the side of the 


• “Zool. and Anat. Bemork. fiber die Alciopeden,” Wkomann’$ 
Arch., 1845. 

t “ Etudes B. I. typ. Inf. do I’emb. dcs Annelds,” Ann. Se{. Nat., 1850. 
t “Unt. fiber die Alciopiden,” Nova Ada Acad. Leap. Carol, 
vol. Mxix. 11 , 1876. 

§ Arch, fur Mic. Anat., 1880. 
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feelers, as in the Prosobranchiata ; or on the back. In 
some cases they are deeply sunk, even into the brain. 



Fig. 92.— Perpendicular flection through the eye-p(t of a limpet (Patella) ; after 
Cariii^re. 1, Kpithelial cells; 2, retina cells , 3, vitreous body. 

The mussels are generally deficient in eyes; and 
some which are, as larvae, provided with an eye, lose 
their eyes when mature. 



Fig. 93.— Eye of Trochtis magtu (after Hilger).* Gl, Vitreous body ; No, nerve. 

In the limpet (Patella),* on the outer side of the 
tentacles, where the eyes are situated in more highly 
organized species, are certain spots, which may be 

• Fraisse. Ueber MolluskeDaugen,” Zeit, fur Wus. Zool, 1881. 
t “ Beit, zur Kennt. der Gastropodenaugea,” Gegenbaur^s Morph, 
Jahrluch^ 1885. 
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regarded as a very rudimentary organ for the per- 
ception of light. The skin is thrown into a pit, within 
which the epithelial cells are elongated and pigmented. 

In the sea-ear (Haliotis), and in Trochus (Fig. 93), 
the arrangement is similar, but the depression is 
deeper, the mouth is very much restricted, and the 
interior is filled by a vitreous body. 

In Murex (Fig. 94) the eye is still further developed, 
and is entirely closed in, a lens being present. 



Fig. 94.— Eye of Murex brandarit (after Hilger). Lens; vitreous body; 

jVo, nerve. 

In the snail (Helix) the eye is still more highly 
organized. It consists of a cornea, which lies imme- 
diately below the skin ; a lens, behind which is the 
retina, consisting of thre^ layers, (1) the rods, (2) a 
cellular layer, (3) a fibrous layer. This, indeed, appears 
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to be a Tery general arrangement in the Molluaca. 
The power of sight given by such an eye can be but 
small. Indeed, it is probable that it does little more 



Fig. 96.— Eve ot neUxpomatia (after Simroth).'* ct. Cuticle ; a, epithelium ; b, cornea *, 
c, envelope of the eye ; d, cellular loyer ; c, fibrils of the optic nerve ; /» feeler 
cell i na, nerve of the tentacle ; no, optic nerve. 

than distinguish degrees of light. According to Lespes, 
a Cyclostoma only perceives the shadow of a hand at a 
distance of five inches, and a Palndina of eight. 

It is interesting that, as Lankester first showed,t the 
eye of Mollusca, in its gradual development, passes 
through the stages which we find are the permanent 
conditions in Patella and Haliotis, commencing as a 
depression, which grows deeper and deeper, and 
gradually closes over. 

Even in the Nautilus the cornea leaves an opening, 

* Simroth, “Ueber die Sinneswerkzeuge uns. einh. Weiebtbiere,” 
Zeit. fiir Wise, Zool.^ 1876. 

t ‘*Obs. on the Dev. of Cephalopoda/' Quarterly Journal of Micro- 
ioopical Science^ 1875. 
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tbrongli which the water has free access to the interior 
of the eye. 

In the higher cuttle-fishes (Cephalopoda) the eye is 
very complex, and the optic ganglion is in some cases 
the largest part of the brain ; but, while we find the 
same parts, as, for instance, in Helix, though in a higher 
state of development, there does not seem sufficient 
reason to regard the two organs as homologous, but 
it appears possible that the eye of the cuttle-fish bad 
an independent origin. 

Certain bivalves (Lamellibranchiata) possess bright 
spots round the edge of the mantle, or on the siphon, 
which some naturalists maintain to bo eyes, while 
others deny them this character, leaving their true 
function, however, undecided. 

But though there is much doubt in some cases, there 
are other eye-spots which are certainly true eyes. Of 
these there are two distinct types — those of Spondylus, 
Pecten, etc., on the one hand ; of Area, Pectunculus, etc., 
on the other. The latter present several features of the 
compound insect’s eye. This was first noticed by Will,* 
and they have since l)een more fully described by 
Carriere f and Patten.^ They are composed (Fig. 96) 
of large conical cells with the points turned inwards. 
Pigment is deposited in the periphery of the cells. 
The outer surface is arched, and forms a biconvex lens. 
These cells pass gradually into those of the ordinary 
epithelium. 

It will be most convenient to consider the mode in 
which these compound eyes act when we come to 

* “ Ueber die Aiigen der Bivalven,” Froriep$ NoUzeUy 18i4. 

t “ Die Behorgane der Thiere,” 1^85. 

i ** Eyes of Molluscs and Arthropods,'* Mitt. Zool, Slat Neapel^ 1886. 
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consider those of insects, where they are more highly 
developed. 

The eyes of Pecten and Spondylus are, again, formed 
on a totally different plan. 

It has been already observed that there is an 



Hg. 96.— PerpendlculAf Bcctlon through an eye of Area ^(xr (after Carriere). 1, 
Epithelium of the edge of the mantle ; 2, cells of vision ; 3, lens ; 4, 6, connective 
tissue ; 6, section of one of the cells, 

essential difference between the typical vertebrate and 
the typical invertebrate eye ; in that while in the 
former, the optic nerve (Fig. 77) penetrates the retina 
and then spreads out on the anterior surface, so that 
the “ rods ” point away from the light ; in the normal 
invertebrate eye, on the contrary, the nerve spreads 
out on the back of the retina, so that the rods point 
towards the light. Krohn,* however, made the remark- 
able discovery that in the genus Pecten the rods, like 
those of the vertebrates, are turned away from the light. 
In this case, however, the optic nerve does not enter 
the retina directly from behind, but runs round it and 
passes, so to say, over the lip of the cup. 

Here, then, we get a remarkable approach to the 
vertebrate eye ; but the similarity is still greater in 

• MilUer'e Arch., 1840. See also Hensen, “ Ueber das Ange einiger 
Laniollibranohiaten/’ Zeit. fiir Wus, Zool , 1865. 
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Onchidiam (a genus of slugs, widely spread over the 
Southern Hemisphere), in which Semper has shown • 
that the nerve actually pierces the retina as in verte- 


# i 



Fig. 97.— Diagram of eye of Pecten (after Hickaon). a, Cornet ; b, transparent bate* 
ment membrane aupportlng tho epltbflUl wlls of cornea; c, the pigmented 
epithelium; d, the lining epithelium of the mantle; r, tlm lens;/, the ligament 
Bupporting the lens; the retlria ; h, the taixitutn ; k, the pigment; the 
retinal nerve ; n, complementary nerve, 

brates. That this distinctive character should thus 
reappear in so distant a group is very interesting, and it 
is also remarkable that Onchidium possesses two kinds of 
eyes : some on the head, which are constructed on the 
same type as those of other molluscs ; while the peculiar 
eyes just mentioned are scattered over the back, and 
their nerves arise, not from the cephalic, but from the 
visceral ganglion. Moreover, they differ in number, 
not only in the different species, some having one hun- 
dred, some as few as twelve, and others none at all, 
but even in different individuals of the same species. 
Indeed, they are continually growing and being re- 
absorbed. But while thus resembling a simple verte- 
brate eye, the dorsal eyes of Onchidium have a totally 

* “Ueber Bcbnccken Augeo am Wirbelthier typng,” Aroh.fUr Mie. 
4nai., 1877. 
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different development, arising, except the nerve, entirely 
from the integument ; on the contrary, in the vertebrate 
eye, while the cornea and lens are formed from the 
skin, the retina is an outgrowth from the brain. 

Semper does not suppose that the Onchidia perceive 
any actual image with their dorsal eyes, and thinks that 
they are merely able to distinguish differences in the 
amount of light. 

They are shore-living molluscs, and are preyed on 
by small fishes belonging to the genus Perophthalmus, 
which has the curious habit of leaving the water and 
walking about on the sand in search of food. The 
back of the Onchidium contains a number of glands, 
each opening by a minute pore ; and Semper suggests 
that, when warned by the shadow of the fish, the little 
slugs eject a shower of spray, drive off their enemy, 
and save themselves. This is not quite so far-fetched 
as might at first sight appear, for we know that there 
are many other animals, the sepia, many ants, the 
bombardier and other beetles, etc., which defend them- 
selves in a similar manner. 

It seems diflScult to understand why the Onchidia 
should be endowed with so many eyes. The irrelative 
repetition of organs meets us, however, continually in 
the lower animals. Moreover, in the present case 
Semper has thrown out a plausible suggestion. The 
organs of touch (see an(e, p. 14) curiously resemble 
eyes in structure, and a very slight change might 
make them capable of perceiving light. It is possible, 
then, that some of them may undergo a change of 
function, and that this may throw some light on the 
variability in number. 

In the Ohitonidee, where dorsal eyes have recently 
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been discovered by Moseley,* they are even more 
numerous. Chiton itself, indeed, has none; but in 
Schizochiton there are 300, and in Corephium more 



Fig. 98. Schematic representation of the noft and some of the hard part* in a bliell of 
a Chiton ( Acanthopleura), as w'cn in a section vertical to the surface, and with the 
margin of the shell lying in the direction of the left side of the drawing, a. 
Conical temilnalion of st'nse-organ ; 6, b', ends of nerve ; c, nerve ; /, calcareoui 
cornea ; g, lens; A, iris ; k, pigmented capsule of eye ; m, iKxly of seiise-organ cut 
acroM ; n, nerve of eye ; p, nerve of aenae-orgun ; r, rods of retina. 

than ten thousand. As in Onchidium, they probably 
arose as modifications of the organs of touch, and are 
supplied by the same nerves. They possess (1) a 
cornea, (2) a perfectly transparent and strongly biconvex 
lens, and (3) the retina, which presents a layer of short 
but well-defined rods. It is interesting that they point 
towards the light, and not, as in Onchidium, away 
from it. 

* “On the Presence of Eyes in Shells of certain Chitonidao,” 
Quarterly Journal of MicroBcopal Science^ 1885. 
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CHAPTER VII. 

THE OBGANS OF VISION IN INSECTS AND CBDSTACEA. 

I NOW pass on to the eyes of insects. In most species 
of this group there are two distinct kinds: the large 
compound eyes, which are situated one on each side 
of the head; and the ocelli, or small eyes, of which 
there are generally three, arranged in a triangle, 
between the other two. 

Speaking roughly, the ocelli of insects may be said 
to see as our eyes do ; that is to say, the lens throws 
on the retina an image, which is perceived by the fine 
terminations of the optic nerve. One type of such an 
eye in a young water-beetle (Dytiscus) is shown in 
Fig. 84, p. 131. This illustrates the mode of develop- 
ment of an ocellus, which has been already referred to 
{ante, p. 131). 

The structure of fully formed ocelli is shown by 
Fig. 99. In details, indeed, they present many dif- 
ferences, and it is remarkable that in some species this 
is the case even with those of the same individual ; for 
instance, in those of one of our large spiders, Epeira 
diadema (Fig. 99). 

In this case the eye B would receive more light, 
and the image, therefore, would be brighter; but, on 
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the other hand, the image would be pictured in greater 
detail by the eye A. 



Fig. »9.— Ijong ieciion throngh the front (>4) and binder dorsal eyea of Eptira 

duukma (after OrenacherY A, Anterior eye ; fi, poHterior eye ; Hp, bypoefemi j 

<X cuticle , ct, boundary membrane ; JT, nuclei of the cells of the retina; M, roui- 

cular fibres; JW, M\ cross sections of ditto; St, rods; Pg, P\ pigment calls *, 

L, lens ; Gk', vitreous body ; At, crystalline cones ; Rt, retina ; Ary, optic nerve. 

Speaking generally, an ocellus may be regarded as 
consisting of — 

1. A lens, forming part of the general body covering. 

2. A layer of transparent cells. 

3. A retina, or second layer of deeper lying cells, 
each of which bears a rod in front, while their inner 
ends pass into the filaments of the optic nerve. 

4. The pigment. 

From the convexity of the lens it would have a 
short focus, and the comparatively small number of 
rods would give but a very imperfect image, except 
of very near objects. 

But though these eyes agree so far with ours, there 
is an essential difference between them. It will be at 
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ouce seen that the pigment is differently placed, being 
in front of the rods, while in the vertebrate eye it is 
behind them. Again, the position of the rods them- 
selves is reversed in the two cases. 

Passing on to the compound eye, Fig. 100 gives a 
section of the eye of a cockchafer (Melolontha), after 
Strauss-Durckheim. The separate facets of such an 



Fig. lOO.^Scctlon through the eye of a cockchafer (Melolontha) ; after Straues- 
DQrckbeim. 

eye act themselves as lenses, and give a very perfect 
image. 

As regards the number of facets, Leeuwenhoek calcu- 
lated that there were 3180 facets in the compound eye 
of a beetle which, however, he does not name. In the 
house-fly (Musca) there are about 4,000 ; in the gadfly 
(CEstrus), 7,000; in the goat moth (Cossus), 11,000; 
in the death’s-head moth {Sphinx atropos), 12,000 ; 
in a butterfly (Papilio), 17,000; in a dragon-fly 
(iEschna), 20,000; in a small beetle (Mordella), as 
many as 25,000. 
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The size of the facets seems to bear some relation to 
the size of the insect, but even ia the smallest species 
none have been observed less than of an inch in 
diameter. Butterflies, which fly in the day, have the 
facets smaller than those of moths, which are generally 
evening insects. 

The facets are in most cases similar, six-sided, and 



Fig. 101.— Section through the eye of a fly (after Hickson). b,m, Basilar membrane ; 
c, cuticle; c.op, cpioptic ganglion; n.c., nuclei; n.c.s., nerve-cell aheath ; JV/, 
decussating nerve-tibres ; oj>, optic ganglion ; pc., pseudocoue ; pg, pigment cells ; 
p,op, i>erioptic ganglion; r, rctlnuTa; Jih., rhalxiom ; 7\ trachea; t.a,, terminal 
anastomosiB ; Tt, trachea ; ft, tracheal vcaicle. 

very regular. lu locusts, however, they vary a good 
deal both in form and size. In some flies (Diptera) 
and dragon-flies (Libellulidse) those in the upper part 
of the eye are larger than the lower ones, and the 
junction of the two often forms a well-marked, curved 
line. 
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The wonderful complexity is well shown in the pre- 
ceding figure, which represents a section through the 
eye of a fly, after Hickson.* 

In illustration of the finer structure, I may take the 
eye of the bee (Apis) (Fig. 102), as described and 
figured by Grenacher in his beautiful 
work.f Fig. 102, the general accuracy 
of which has been confirmed recently 
by Dr. Hickson, represents two of the 
elements of the faceted eye. 

The structure of the eyes varies 
considerably in different groups. They 
may bo said to consist of the following 
principal parts : — 

1. The cornea {Lf, Fig. 102). 

2. The crystalline cones (EJc), of 
which there is one immediately behind 
each facet. The development of the 
crystalline cone has been carefully 
studied by Claparede. It consists of 
from four to sixteen original, but com- 
pletely combined segments, secreted 
by cells which lie immediately behind 
each facet, but of which, when the eye 
is completely developed, only the 

nuclei, known as Semper’s nuclei (n), finally remain. 

3. Next comes the retinula (rZ), which stands in 
more or less intimate connection with the pointed inner 
end of the crystalline cone. It is generally composed 
of seven, but sometimes of as few as four, or as many 

* “ The Eye and Optic Tract of InsectR,” Quarterly Journal of 
Microscopical Science, 1885. 

t “ Untersuchungen iiber daa Sehorgan der Arthropoden.” 1879. 



FJr. 102.— Two sepa- 
rate elements of the 
faceted eye of a bee 
(after Grenacher), 
//, Cornea ; n, nu- 
cleus of Semper ; 
Kk, crystalline cone ; 
JPo, rg\ pigment 
cells; Jih retinula; 
Bm, rbabdora. 
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as eight, originally separate, bnt closely combined cells. 
They converge on the optic lobe, and form an outer 
nucleated sheath, enclosing a strongly refractive, 
generally quadrangular, rod (the rhabdom, Bm), the 
relation of which to the filaments of the optic nerve 
is not yet well understood. 

4. The pigment (Pg). 

Between each separate eyelet (ommateum, or omma- 
tidium, as it is termed by Hickson), is — at least, in 
some insects — a long, tubular, thin-walled trachea. 
These are difficult to see in prepared specimens, but 
have been mentioned by several observers. They were 
first, I think, figured by Leydig," and more recently 
by Hickson. 

Finally, the eye is bounded by a basilar membrane, 
which is perforated by two sets of apertures, a series of 
larger ones for the passage of the tracheal vessels, and 
of smaller ones for the nerve-fibrils. 

The crystalline cone is not, however, always present, 
and Grenacher divides the compound eyes of insects 
into !three types ; acone eyes, in which the crystalline 
cone is not present, but is represented throughout life 
by distinct cells ; pseudocone eyes, in which there is a 
special conical and transparent medium ; and, lastly, 
eucone eyes, with true crystalline cones.” f 

• ‘^Zum feinereD Bau der Insekten/^ Muller't Arch, far AnaL u. 
Phy$„ 1855, 

t Acone eyee occur in Neraatocera (gnatB), Hemiptcra (bugs), For- 
ficula (earwigs), and those Coleoptera (beetles), which have less than 
five tarsal joints, Peeudocone eyes occur in the true flies (Muscidis). 
Eucone eyes prevail among other insects ; Lepidoptcra, Hymenoptera, 
Neuroptera, Orthoptera, Cicadidas, the Coleoptera with five tarsal 
segments, and among Diptora the single genus Corethra, which, more- 
over, is remarkable as possessing compound eyes, even in the larva 
and pupa. 
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The last form differs principally from the two first 
in that the elements which constitute the crystalline 
cone and the retinula have become completely coalesced 
and solidified. The differences are, no doubt, im- 
portant, but I need not enter into them at length here. 

Even the eucone eyes differ considerably, as may be 
seen from the following figures, representing (Fig. 103) 
an eyelet from the eye of a cockroach (Periplaneta), and 
(Fig. 104) one from that of a cockchafer (Melolontha), 
both taken from Grenacher. 



Plff. 103.— Eyelet of coclrroacb (after 
Orenaoher). 1/, Cornea ; Arfc, crys- 
talline cone ; pigment cell i'ri, 
retinula ; m, rhaCKiom. 


Fig. 104.— Eyelet of cockchafer 
(after Grenacher). I/, Cor- 
nea; fcfc, crystalline cone; 

pigment cells; rZ, 
retinula ; rl\ rhabdom. 


With some few exceptions (Corethra, Libellula, etc.), 
the larv® of insects do not possess faceted eyes; indeed, 
as a general rule their powers of vision are very limited, 
or they are altogether blind. Most caterpillars have 
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on eaob side of the head five or six eye-spota, contain- 
ing each a crystalline body, but, as we shall presently 
see, they can probably do little more than distinguish 
between light and darkness. 

I do not propose to attempt to give here any detailed 
account of the structure of the insect brain, but 1 must 
say a few words on the subject. Between the brain 
proper and the eye itself there are, in, for instance, the 
blow-6y (Muaca vomitoria), three distinct ganglionic 
swellings, which Hickson, a copy of whose beautiful 
figure I have given (Fig. 101), terms the “ opticon ” 
(op), epiopticon (o.op), and periopticon (p.op). It will 
be seen that the nerve-fibrils do not pass in a direct 
course, but actually decussate, or cross from one side to 
the other, three times, once between each two ganglionic 
swellings. The optic lobes of the two sides are also con- 
nected by a fibrous bundle. The structure of the three 
nervous swellings is also very complex. It consists of a 
fine granular matrix, traversed by a meshwork of very 
minute fibrillm, and, at least in the periopticon, is col- 
lected into a series of cylindrical masses. It is entirely 
beyond our present range of knowledge to explain the 
origin or purpose of these complox arrangements, 
though we cannot doubt that they do servo important 
functions. It is remarkable that these arrangements, 
though apparently very constant in individual species 
and genera, differ greatly in different groups of insects ; 
for instance, Hickson asserts that in the water-scorpion 
(Nepa), there is no decussation, and Carrihre makes the 
same statement as regards Libellula; but it seems 
very extraordinary that this arrangement should be 
present in some insect eyes, and absent in others 
funned apparently on so nearly the same plan. 
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On the Relation of the Ete to the Ocellus. 

In oonsidnriog the relation of the eye to the ocellns, 
it is obvious that we cannot regard either as derived 
from the other. They are, as Grenacher says, “ sisters,” 
and derived from a common origin. 

The ocellus consists of a single lens in front of a 
larger or smaller number of visual rods. The com- 
pound eye consists of a number of facets, each in front 
of a single rod; which is produced by from four to 
sixteen cells: in some cases each cell at first produces 
a separate rod, and these then subsequently coalesce 
more or less completely. Starting, then, from a simple 
form of eye consisting of a lens and a nerve-fibre, 
which would be capable of perceiving light, but would 
give no picture of the external world, we should 
arrive at the compound eye by bringing together a 
number of such eye-spots, and increasing the number 
of lenses, while the separate cells beneath each com- 
bined to form a single cone and rod ; while, on the 
other hand, by increasing the size of the lens, and 
multiplying the nervous elements behind it, we should 
obtain the ocellus of an insect, or the typical eyes of 
a vertebrate animal. 

There is, indeed, no need to suppose that these two 
eyes are derived from a common origin. We know 
that, while very similar eyes occur in distant groups of 
animals, on the other hand nearly allied species often 
differ greatly in the structure of their eyes; that, 
indeed, eyes of very different types often occur even in 
the same animal, so that we have strong reasons for 
assuming that they had an indenendent and separate 
origin. 
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The spiders hare simple ocelli only, the higher 
Crustacea compound eyes only, while many of the 
lower Crustacea and of the great class of the insects 
possess both eyes and ocelli. It would seem probable, 
therefore, that the ancestral stock must have possessed 
both, though not perhaps in so perfect a form as that 
which has now been attained, and that the spiders have 
lost the compound eyes, while, on the contrary, in the 
higher Crustacea the ocelli have disappeared. 

Moreover, though the ocellus of a spider at first 
sight closely resembles the eye of a Scolopendra, the 
internal structure is, according to Grenadier, altogether 
difierent. In the ocellus of a spider or an insect we 
find, at a greater or less distance behind the lens, a 
retina consisting of a receptive surface, extended con- 
centrically with that of the lens, and consisting of a 
number of more or less rod-like perceptive elements so 
arranged that the light falls on their ends. 

On the contrary, in tiie eyes of Myriapods there is, 
he says, either a single element behind the cornea, or 
where there are many such elements, they are arranged 
with their longer axes perpendicular to the direction 
of light ; so that any separate perception of the rays 
of light coming from different points seems to be an 
impossibility. In the eye of Lithobius, behind the 
biconvex lens, he states that the cells lining what I 
may call the tube of each separate eye, terminate in 
filaments, between the free ends of which is left a narrow 
passage, down which the light must pass to reach the 
end of the optic nerve. Such a structure is certainly 
very remarkable, and seems entirely to preclude the 
possibility of the forma^on of a true image. Altogether 
the account given by Grenacher, both as to the mode 
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of action of the eyes of the Myriapods and as to their 
internal structure, differs entirely from that of Graber. 



Fig, 106 .— Leptodora byalina. 


The Eyes of Cbustacea. 

The eyes of many Crustacea are highly developed. 
In the higher families (thence named Podophthalmata, 
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or stalk-eyed) they are situated on more or less 
elongated pedestals. In some of the lower forms, 
though less complex, they are very large, occupying, 
as in the curious Leptodora (Fig. 105) of our deep 
lakes, the whole front of the head ; while in CorycKus 



Fig. 106.~Eye of Mysls (after Grenadier), n, Nuclei; //, facets; Rlc, cryatalllne 
cones; n', cells of the retinula; HI, retinula; Rm, rliandom ; C’p, blood-vesaala ; 
JV. fibres of the optic nerve; JV“, docusBationa of the fibres of the 

optic nerve; G, 0\ ganglia; if, muscles for the movement of the 

eye-stalk iTm’, nuclei. 

(Fig. 107) they extend to more than one-half of the 
whole length of the body. 

The higher Crustacea possess no ocelli. In the 
lower species, on the corftrary, a central ocellus is often 
present, especially in the young state. 
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In illustration of the compound eyes of Crustacea, I 
give a figure of an eye of Mysis (Fig. 106). 

In the higher Crustacea the nervous elements of 
the eye are, moreover, very complex. There are no 
less than four optic ganglia (Fig. 106), and there is 
a chiasma, or decussation of fibres {N^, iV"““), 

between each. 

The eyes of lobsters and of crabs ofier a curious 
difference. In the former, the crystalline cones are 
very long, and the retinulae comparatively short ; while 
in the crabs, on the contrary, the crystalline cone is 
short, and the retinulro long. 

The eye of Corycseus (Fig. 107) is very interesting. 
It is extremely large in proportion to the size of the 



animal, extending from the front of the head to the 
beginning of the abdomen. The perceptive part of 
the eye (5) is, therefore, far removed from the lens (a). 
The eye of Corycseus appears to represent, in fact, a 
single element of a compound eye. 

The eye of Copilia is also very remarkable, the 
retinula being, at about the end of the first third of its 
length, bent at a right angle. Here also the eye is 
about one-third as long as the body. 

The ocelli of Crustacea have not been much studied 
with reference to their microscopic structure. Those 
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of Calanella are very remarkable, and, indeed, but for 
their position and the presence of pigment, would 
hardly be recognized as eyes. They are three in 
number,and together form an X-shaped body (Fig. 108), 
supplied by a large nerve (N.op.), and consisting of 
three groups of large nerve-cells, embedded in pig- 
ment. There are eight in each of the two side groups, 
and ten in the central. In form they are pear-shaped, 
with the narrow end turned towards the nerve. The 
organ contains no lens nor rods. 



Fig. 108.— Eyes of Calanella MediUrranea (afUT GrrsUrker) Pg., pigment 

N/r.y frontal nerves ; y.op., nervus opticus. I'be numbers show the numbers 
of the cells. 

The eyes of the king crab (Limulus) have been 
described by Grenacher and by Laukester and Bourne.* 
The two lateral eyes form a polished, kidney-shaped 
protuberance on each side of the great shield. The 
outer side is smooth, but on the inner surface it is 

produced into a number of conical processes (Fig. 109), 

* 

* “ On the Eyes of Scorpio and Limulus,” Quarterly Journal of 
iiicrotcopical ScienoCf 1883. 
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each of which forms a special lens. Underneath each 
of these secondary lenses is a group of large, elongated 
pigmented cells, arranged round a central space, and 
touching the lens with their outer ends, while the 



Fig. 109.--DlagTam of a vertical section through a portion of the lateral eye of Limulut 
;^lyphemus, showing some of the conical lenses, and corresponding retlnula? (after 
I^nkostcr and Bourne), a, Cuticle ; bb, cutlcular lens ; cc, hypoderm ; Hn, 
retiuula ; w, nerves. 

inner ones ate continued into the optic nerve. These 
nerve-end cells form the “ retinula,” while their sides, 
which face one another, are thickened, and coalesce 
into a rod, the rhabdom, which is hollow at the end 
nearest the lens, but solid towards the nerve. The 
central eye is very different. It possesses a single 
lens, like that of an ordinary ocellus, underneath 
which is a layer of cells not differing much in appear- 
ance from those of the hypoderm, and below which 
again is another layer of large nerve-cells, which, how- 
ever, are so irregular as to suggest the idea that the 
central eye of the king crab may have partially lost its 
function. The king crab, then, so remarkable in other 
ways, is also very interesting in reference to the peculiar 
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structure of its eyes. These can hardly be regarded 
as homologous with the compound eyes of insects and 
Crustacea, but appear to have originated independently. 
They have, indeed, hardly anything in common, except 
that of being compound eyes. 

Lastly, I may allude to the eyes of scorpions, 
which, though very different from those of Limulus 
in appearance, in Lankester’s opinion approach them 
more nearly in essential constitution than any other 
known eyes. 

Before quitting this part of my subject, I must 
mention the curious eye-like organs of Euphausia. 

Euphausia (Fig. 110) — a shrimp-like crustacean, be- 


lo 



Fig. 110, - Euphawtia pdlucida (aflor Sars), l.o., Luminous organ. 


longing to the same group as Mysis — and some of its 
allies, are remarkable for possessing at the base of 
some of the thoracic legs, and on the four anterior 
abdominal segments, luminous eye-like organs. They 
form small bulbs, each containing a vitreous body, some 
pigment, a lens, and a fan-shaped bundle of delicate 
fibres, and are very conspicuous from their beautiful 
red color and glistening lustre. 

M 
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Claus • regards them as true accessory eyes. Sare,t 
on the contrary, considers that they have no power of 
sight, but are highly differentiated luminous organs. 
He admits that they present a deceptive resemblance 
to true eyes, but has convinced himself by observations 
of the living animal that they have no power of 
vision. 

The fibrous fascicle (Fig. Ill,/) he finds to be the 
chief light-producing part,J and the lens-like body in 
front serves, as he supposes, for a condenser, producing 
a bright flash of light, the direction of which the 
animal, by means of its muscles, is able to control. 
The anterior pair (Fig. 112, lo), which differ some- 
what in structure from the rest, are situated on the 



Fig, 111.— liUmlnous org\n of 
^phausia after Sar»). /, 
Fibres ; e, lens. 



eye-stalks, and appear to serve as "bull’s-eyes” to 
the true organs of vision. Sars considers that the 
luminous organs do not serve as eyes, on the grounds 

* “Ueber einige Sohizopoden and niedere Malacostraceen,” Zdt, 
fUr Wi$%. Zooly 1863. 

t “ On the Scbizopoda,*' “Challenger Reports,’* vol. xiii. 

t Valentine and Cunningham, in a memoir just published 
(Quarterly Journal of Microscopical Science, vol. xxviii.) deny this, and 
attribute it to the inner surface of the reflector. 
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that the nerve which supplies them is but small ; that 
the structure is not really analogous to that of a true 
eye, and that the position would be very unsuitable, 
one of them being actually situated on the stalk of 
the compound eye. 

The question does not, however, seem to be by any 
means clearly solved, and it must, I think, be admitted 
that, with the exception of the anterior pair, if the 
position does not seem suitfible for true eyes, neither 
is it that which one would expect in light-organs. 

On the Mode op Vision by Means or 
Compound Eyes. 

Johannes Muller, in his great work on the Physiology 
of Vision,* was the first to give an intelligible explana- 
tion of the manner in which insects see with their com- 
pound eyes. According to his view (see Fig. 75), 
those rays of light only which pass directly through 
the crystalline cones, or are reflected from their sides, 
can reach the corresponding nerve-fibre. The others 
fall on and are absorbed by the pigment which separates 
the difierent facets. Hence each cone receives light 
only from a very small portion of the field of vision, 
and the rays so received are collected into one spot 
of light The larger and more convex, therefore, is the 
eye, the wider will be its field of vision ; while the 
smaller and more numerous are the facets, the more 
distinct will the vision be. In fact, the picture per- 
ceived by the insect will be a mosaic, in which the 
number of points will correspond with the number of 
facets. 

* ** Zva Tergleichenden Phytiologio dot Gesiobtsiimes.** 
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This theory was at first received with much favour. 
In 1852, however, Gottsche* attacked Muller’s view, 
pointing out that each separate cornea of a compound 
eye can, and in fact does, give a separate and distinct 
image. This had, indeed, long previously been ob- 
served by Leeuwenhoek, who said, “ When I removed 
the tunica cornea a little from the focus of the micro- 
scope, and placed a lighted candle at a short distance, 
so that the liglit of it must pass througli the tunica 
cornea, I then saw through it the flame of the candle 
inverted, and not a single one, but some hundreds of 
flames appeared to me, and these so distinctly (though 
wonderfully minute) that I could discern the motion of 
trembling in each of them.” t 

Of this, indeed, it is easy to satisfy one’s self. It is 
only necessary to look at a candle through the cornea 
of an insect, and then slightly draw back the micro- 
scope, when a thousand small images of the candle, 
each formed by one of the lenses, will be plainly seen. 
If, then, in such cases there was a retina placed at the 
proper distance, a true image would be formed, as on 
the retina in our own eyes. This paper of Gottsche’s 
threw great doubt on Muller’s explanation, which, 
indeed, was, in Dors’s words, abandonnee par tout le 
monde.” t 

It is one thing, however, to see that the lenses throw 
distinct pictures, but quite another to understand how 
such pictures could be received on the retina, or com- 
bined into one distinct image. 

* “Beit, zur Anat und Pliys. der Fliegen und Krebee,” Muller'^ 
Arch,, 1852. 

t A. Van Leeuwenhoek, ** Select Works,” translated by 8. Hoole. 

X “ De la vision chez les Arthropodes,” Ar, des Sci. Phys. et Nat 
Geneva : 1861. 
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It must, moreover, be remembered that in our eyes 
the whole field of vision is reversed, so that different 
objects remain in the same relative position. In the 
case of insects, however, it would be the image thrown 
by each facet which would be reversed, and hence the 
general effect would be altogether false. 

We must not attach too much importance to the 
mere presence of an image. Any lens-like object, even 
a globule of fat, will give one. Moreover, as Muller 
and Helmholtz have shown, the lenses of the cornea 
would be an advantage on the theory of mosaic vision, 
by assisting to condense the rays of light on tlie 
termination of the nerve. 

Gottsche’s observation was made on the eye of the 
blow-fly (Musca vomtioria), and, as a matter of fact, the 
fly is one of those insects which do not possess a true 
crystalline cone. It is, therefore, probable that the 
image which he saw was that of tho cornea. Moreover, 
08 is shown by his figure, which I give below (Fig, 113), 
he states * tliat the image was formed at x, wliilo the 
retina is far away at y. lie suggested, indeed, that 
the so-called optic ganglion really corresponds with 
the retina of our own eye ; but this would not remove 

• His words are — “ An der hiutorn Flache der Crystallkdrper im 

Fliogcuauge kehrt sich sicher das Bild urn, weil das Bild dera object 
in der Lago gleich ist, und da das Mikroskop das Object einmal 
mnkehrt, so muss hier eine doppelte Uinkehrung stattfinden, oinmal 
durch das Mikroskop und vorher durch den parabolisclion Crystall- 
korper. Entsteht nun bei x (Fig. 113) cin umgekehrtes Bild, so ist 
die Frage, wird das gauze Bild von x durch den Stiel zur Retina 
und zur Perception bei y hingeleitet oder wirkt dicsor diinne Sllel 
gleichsam wie ein Diaphragma und giebt er nur eiuen Thoil dos 
Bildes bei x noch y ” (Gottsche^, ** Beit, zur Anat. und Phys. des Auges 
dcr Krebse und Flicgcu,^* Arch. /Ur Anat. Phyi. und WUi. Mediein^ 
18 o 2 > 
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the difficulty, because, if any definite picture is to be 
formed, the sensitive rods, cones, or other structures 
must lie in the plane of the image, 
and this is not, in fact, the case. 

Dor suggested that the crystalline 
cones are nervous structures, and cor- 
respond to the rods of the vertebrate 
eye (Fig. 79). He admits, however, 
that, as a matter of fact, the image is 
not formed at the anterior surface of 
the crystalline cones.* 

And yet in his final summary, 
having shown that the image is formed, 
not at the anterior surface, but deep 
down in the crystalline cones, he 

expresses quite a different view, 
y compares tlie crystalline cone to 

Fig. ii3.-one of the the vitrcous body, and considers that 

of a ^fly_(afier the truG retina is to be found in an 

t envelope which surrounds the cone. 

Plateau f regards the mosaic theory 
of Muller as definitively abandoned, 
but rather seems to have had in his 
mind that of Gottsche. At least, he states that, accord- 
ing to Muller, the mosaic is formed by a number of 
partial images, each occupying the base of one of the 
elements composing the compound eye. This, how- 
ever, is not Muller’s theory. 

♦ ^‘La coni^e aveo sa oonvexite po8t<?rieure correspond h la oom^ 
et au cristallin des vert^r^s, le corps cristallin (avec le soi-disant 
corps vitr^) et la fibre nerveuso qui B*y attache k }a couche des 
bUtonnets, enfin le ganglion optique celles des conches de la ratine, qxd 
sont compoB^es des granulations, des cellules, et des fibres nerreuses ” 
t Kech. Exp. Bur la Vision des Arthropodes.” BmxeUes : 18S7. 
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On the other hand, Boll,* Exner,t and Grenacher 
seem to me to have proved that the compound eyes of 
insects cannot act as ours do; that the theory wliich 
assumes that each facet acts as a separate eye and 
projects au image on a retina, is physically untenable. 

In the first place, there are cases — for instance, 
Forficula, Dytiscus, and Stratiomys among insects; 
Ligia and many others among Crustacea — where the 
cornem are not sufficiently arched to give any distinct 
image. But even where an image is thrown by the 
cornea, it would be destroyed by the crystalline cone. 

In certain Crustacea the crystalline cones are 
elongated and curved ; this, which Oscar Schmidt X 
regarded as fatal to Muller s theory, is, on the con- 
trary, os Exner has pointed out, quite comjmtible with 
it, but, on the contrary, cannot bo reconciled with the 
theory of an image. 

There are few beetles in which the cornea give 
better images than in the firefly {Lampjrh spUndidula). 
On the other hand, the crystalline cones entirely 
destroy these images. If the eye is looked at through 
a microscope, and the crystalline cones are left in stVw, 
the field of view appears perfectly black, with a bright 
spot of light at the end of each cone. No trace of an 
image can be any longer perceived. In fact, the 
images seen by Leeuwenhoek and Gottsche are thrown 
by the cornea only. 

In most cases, then, it would appear that the image 
formed by the cornea is destroyed by the crystalline 

♦ “ Beit zur Phys. Optlk,” Arch.fUr Anat, Phy$, und Wi8$. MedidiK, 
1871. 

t “ Ueber daa Seben Ton Bewegnngen und dor Theorie det 
xnsammengeeotzten Anges,” SiU. K, Akad. d. Wm. Wien., 1875. 

t Ibid., 1876. 
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cone. Thi» does not, indeed, always occur ; but even; in 
such cases the image does not coincide with the posterior 
end of the cone. Grenadier repeated the experiment 
of Gottsche with moths. Here the crystalline cones 
are firm, and are attached to the cornea. Thus he was 
able to remove the soft parts, and to look through the 
cones and the cornea. When the microscope was 
focussed at the inner end of the cone, a spot of light 
was visible, but no image. As the object-glass was 
moved forward, the image gradually came into view, 
and then disappeared again. Here, then, the image is 
formed in tlie interior of the cone itself. Exner had 
endeavoured to make this experiment with the eye of 
Hydrophilus (the great black water-beetle), but the 
crystalline cones always came away from the cornea. 
He, however, calculated the focal length, refraction, 
etc., of the cornea, and concluded that, even if, in spite 
of the crystalline cone, an image could be formed, it 
would fall much behind the retinula. In these cases, 
then, an image is out of the question. Moreover, as 
the cone tapers to a point, there would, in fact, be no 
room for an image, which must be received on an 
appropriate surface. In many insect eyes, indeed, as in 
those of the cockchafer (Fig. 100), the crystalline cone 
is drawn out into a thread, which expands again before 
reaching the retinula. Such an arrangement seems 
fatal to any idea of an image. 

Moreover, for definite vision by the formation of an 
image, it is necessary that the eye should possess some 
power of accommodation for different distances. It is 
obvious, from Fig. 76, that no distinct vision would 
be given unless the receptive surface follows the 
line a' V o\ But the position of this surface will 
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depend upon the distance o{ ah e from the lens. As 
a matter of fact, Leydig • and Leuckartf thought they 
had discovered, between the cornea and the crystalline 
cones, certain muscular fibres which might regulate 
the distance between the two, and thus effect this 
object. Subsequent observers, however, have failed to 
detect these fibres. 

Again, it will be seen, from a glance at Fig. 7fi, 
that in an eye constituted like ours, on the principle 
of a camera obscuia, the retina must follow a regular 
curve. If it is brouglit at all too far forward, or forced 
the least too far back, the image is at once blurred. 
Hence, in our own case the frequent need for spectacles, 
and hence it would seem that a conical retina is a 
physical impossibility. 

Plateau, indeed, adopts J a suggestion made by 
Grenacher that the absence of any means of adaptation 
may be rendered unnecessary by the length of the 
cones, the rays coming from distant objects acting on 
the anterior end, those from nearer ones at a greater or 
less depth. This, I confess, seems to mo inadmissible. 
In the first place, the light must surely act immedi- 
ately it impinges on the organ of perception ; and, in 
the second, the cones are, as a general rule, abso- 
lutely transparent — the light passes unimpeded through 
them. 

Again, if insects see with their compound eyes as we 
do with ours, they must, of course, possess a retina. 
No such structure, however, has been as yet shown to 


• “ Zum feineren Bau der Arthropoden,” MUller'i Arch. JUr Amt, 
wul rhyi.f 1855, 

t “ CarcinologUclies/' Wi€gmann*6 ArcA., 1858. 
t “Reel). Exp. 6ur la viAon chez lea Arthropodes/' 1887. 
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exist. Wagner,* indeed, observed that in some cases 
the optic nerve embraces the end of the cone, and he 
supposed that it thus forms a sort of retina, for which, 
however, its form is little suited. 

I ought also to mention that Max Schultzef con- 
sidered that he had, in some few cases — for instance, 
in Syrphus — been able to observe that the termina- 
tion of the nerve does divide into a number of fibres. 
Patten,! more recently, has also maintained the 
existence of numerous nerve-fibrils, which, however, 
subsequent observers — for instance, Kingsley § and 
Beddard || — have been unable to discover. Even, how- 
ever, if we admit the perfect correctness of Schultze’s 
observation, these cases are exceptional, and the fibres 
so few that they can hardly, I think, affect the general 
conclusion. To give anything like a distinct vision, a 
very large number would be required. 

A last objection is the extreme difficulty which 
would exist of combining so many different images 
into one idea, though it must be admitted that at first 
sight this difficulty (though to a minor degree) exists 
even in the case of simple eyes, the number of which 
varies considerably. Spiders have six to eight ; some 
aquatic larvae twelve ; while the Oniscoidae (wood-lice), 
assuming that their eyes are aggregates of simple eyes, 
as Muller supposed, have as many as twenty to forty. 

♦ Einige Bemerk. fiber den Ban der zus. Augen/^ Arch, fur Nat^ 
1835. 

t “ Unt. fiber die zm Augen der Krebse nnd Insecten,” 1868. 

X “ Eyes of Molluscs and Arthropods,” Mitth. Zod. St Neapely 1886. 

§ “ On the Divisionsof the Compound By ef Journal of Morphology^ 
1887. 

11 ** On the Structure of the Eye in CymothoidsB;” Trans Boy. 8oc, 
k, 1887. 
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The^, however, take in diflTerent parts of the field of 
vision. 

The principal reasons, then, which seem to favour 
Muller’s theory of mosaic vision are as follows; — 

(1) in certain cases — for instance, in Hyperia — there 
are no lenses, and consequently there can be no image ; 

(2) the image would generally be destroyed by the 
crystalline cone ; (3) in some cases it would seem that 
the image would be formed completely behind the eye, 
while in others, again, it would be too near the cornea ; 
(4) a pointed retina seems incompatible with a clear 
image; (5) any true projection of an image would in 
certain species be precluded by the presence of im- 
penetrable pigment, wliich only leaves a minute central 
passage for the liglit-rays ; (6) even the clearest 
image would be useless, from the absence of a suit- 
able receptive surface, since both the small number 
and mode of combination of the elements composing 
that surface seem to preclude it from receiving more 
than a single impression ; (7) no system of accommoda- 
tion has yet been discovered. Finally, (8) a combina- 
tion of many thousand relatively complete eyes seems 
quite useless and incomprehensible. 

On the Power op Vision in Insects, etc. 

As regards the practical vision of insects, our know- 
ledge is still very imperfect. No one, indeed, who has 
observed them can doubt that in some the sight is 
highly developed. It is impossible, for instance, to 
watch a dragon-fly hawking over a pond, — ^to see the 
rapidity and accuracy of its movements, and doubt 
that it can see well 
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On the other hand, CJaparhde asserts that at a 
distance of twenty feet a hive bee would be unable to 
see any object which was less than eight or nine inches 
in diameter, and even at a distance of a foot he says 
that each facet would correspond to an inch and a third. 

To determine how far a faceted eye could see, he 
takes the breadtli of a facet, tlie radius of the eye- 
sphere, and the smallest angle of vision, and the dis- 
tance in centimetres at which the facet would cover 
a centimetre, and finds for the bee, for instance, 6*7 
centimetres. 

He then proceeds to inquire at what distance from 
the faceted eye the image is as clear as in the human 
eye, and ho thinks this would be about a millimetre, 
from which it would rapidly diminish, being only at 
a centimetre, and at a metre no distant vision being 
possible; so that at a very little distance such eyes 
would be as good as useless. 

“In the human eye, for example, the distance 
between the centres of two adjacent cones is only 
mm., but in Musca the distance between adjacent 
ommatidia is mm. In fact, the picture, as received 
by the nerve-end cells of the Vertebrate eye, is much 
more complete in itself than it can possibly be in any 
Arthropod eye, and consequently the latter possesses 
a much more elaborate and complete translating appa- 
ratus in its retina than the former possesses.” * 

Clapar^de arrives at this conclusion by taking 
the average curvature of the whole eye, as being true 
for each part. This, however, is not the case, and 
in the central region of the eye the adjacent facets 

* 8. J. Hickson, ** The Eye and Optic Tract of Insects/* Quarterly 
Journal of Microscopical Science, vol. xxv., new series, 1885, p. 242. 
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make but a small angle with one another. Lowne has 
calcnlated that wasps, humble bees, dragon-flies, etc , 
would, at a distance of twenty feet, be able to distinguish 
objects from half an inch to an inch in diameter. Thus 
a dragon-fly would see an object twenty feet from its 
eye in the same detail that a man wovild perceive it at 
a distance of a hundred and sixty feet. 

Moreover, when Claparhde * observes that bees will 
return from a considerable distance straight to the door 
of their nest, and that, under Muller’s theory, the door 
would at such a distance be absolutely invisible, he 
forgets that the bee first probably guides itself by the 
known position of the door in relation to, some tree or 
other large object, then with reference to the hive 
itself, and that it is quite unnecessary to assume that 
the door is actually seen from a distance. 

With reference to the power which insects possess 
of determining form, Plateau t has recently made some 
ingenious experiments. Suppose a room into which 
the light enters by two equal and similar orifices, and 
suppose an insect set free at the back of the room, it 
will at once fly to the light, but the two openings 
being alike it will go indifferently to either one or the 
other. That such is the case Plateau’s experiments 
clearly show, and, moreover, prove that a comparatively 
small increase in the amount of light will attract 
the insect to one orifice in preference to the other. It 
occurred then to Plateau to utilize this by varying the 
form of the opening, so that the light admitted being 

• “Zur Morpb. dcr zug. Augca bet den Artbropoden,” Zett. /Or 
ir»«. Zool., 18C0. 

t PnS. de FAead. Hoy. de Sel^ique, t. x., 1885; Compte$ Bendut de 
la Soe. Ent. de Belg., 1887 ; “ Becb. Ezp. »ur la Vizlon clicz let 
Artbropodet,” 1887. 
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equal, the opening on the one side should leave a clear 
passage, while that on the other should be divided by 
bars large enough to be easily visible, and sufficiently 
close to prevent the insect from passing. 

His experiments were conducted in a room five 
metres square, liglitod by two similar windows looking 
to the west. It was on the first floor, and looked out 
on to fields. Moreover, he had the glass of the windows 
slightly ground, so that, while the light penetrated, 
nothing outside could bo seen. He then covered up 
the windows, leaving only two orifices, one of which 
was simple and square, while the other was divided 
by cross-bars. To secure equality of light, the latter 
was left somewhat larger than the other, and the 
equivalence of the two was determined by a Rumford’s 
photometer. The insects were set free on a table at 
the back of the room, exactly between the two open- 
ings, and at a distance of four metres. He states that 
a very slight diflerence in the intensity of the light 
determined the flight of the insect to either one or the 
other opening; while, if the amount of light w-as as 
nearly as possible equal, they flew as often to the one 
as to the other. 

Omitting the cases when tlie light was not equal, the 
numbers were as folloNvs : — 

Clear Trelliscd 
opening, opening. 

Musca vomitoria (the bluebottle) 8 ... 7 

On the other hand, they were — for 

Eristalis tenax (the bee fly) 4 ... 8 

Vanum uriicm (tortoisebhell butterfly) 1 ... 5 

13 20 

In fact, then, the insects seem to have gone more 
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often to the trelHsed opening. M. Plateau concludes 
that insects do not distinguish differences of form, or 
can only do so very badly (‘'11s ne distinguent pas la 
forme des objects ou la distinguent fort mal 

I confess, however, that these experiments, ingenious 
as they are, do not seem to me to justify the conclu- 
sions which M. Plateau has deduced from them. 
Unless the insects had some means of measuring 
distance (of which we have no clear evidence), they 
could not toll that even the smaller orifice might not 
be quite largo enough to aflbrd them a free passage. 
The bars, moreover, would probably appear to them 
somewhat blurred. Again, they could not possibly 
tell that the bars really crossed th(3 orifice, and if they 
were situated an inch or two further off they would 
constitute no barrier. 

I have tried some experiments, not yet enough to bo 
conclusive, but which lead me to a diflerent conclusion 
from that of M. Platt au. I trained wasps to corno to 
a drop of honey placed on paper, and, when the insects 
had learned their lesson, changed the form of the paper, 
as I had previously changed the color. It certainly 
seemed to mo that the insect recognized the change. 
M. Forel has also tried similar experiments, and with 
the same result. 

We know, however, as yet very little with reference 
to the actual power of vision possessed by insects. 

On the Function of Ocelli. 

Another interesting question remains. What is the 
function of the ocelli ? Why do insects have two sorts 
of eyes ? 
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Jobannes Miiller considered that the power of vision 
of ocelli “is probably confined to the perception of 
very near objects. This may be inferred partly from 
their existing principally in larva) and apterous insects, 
and partly from several observations which I have 
made relative to the position of these simple eyes. In 
the genus Empusa the head is so prolonged over the 
middle inferior eye that, in the locomotion of the 
animal, the nearest objects can only come within the 
range. In the Locushi corjuifa, also, the same eye lies 
beneath the prolongation of the head. ... In the 
Orthoptera generally, also, the simple eyes are, in 
consequence of the depressed position of the head, 
directed downwards towards the surface upon which 
the insects are moving.*' 

From these facts, he considers himself justified in 
concluding that the simple eyes of insects are intended 
principally for myopic vision. The simple eyes bear 
a similar relation to the compound eyes, as the palpi 
to the antenna). Both the antennm and compound 
eyes are absent in the larva) of insects.’* * 

Lowne observes t that “the great convexity of the 
lens in the ocellus of Eristalis must give it a very 
short focus, and it is manifestly but ill adapted for 
the formation of a picture. The comparatively small 
number of rods must further render the production 
of anything like a perfect picture, even of very near 
objects, useless for purposes of vision. I strongly 
suspect that the function of the ocelli is the perception 
of the intensity and the direction of light rather than 
of vision in the ordinary acceptation of the term.” 

* “ Physiology of the Seuses,” translated by Baly. 

t “On the Modification of the Eyes of Insects,” Phil Travs., 1878, 
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Reaumur, Marcel de Serres, Dugbs, and Porel also 
have shown that in insects which possess both ocelli 
and compound eyes, the ocelli may be covered over 
without materially affecting the movements of the 
animal ; while, on the contrary, if the compound eyes 
are so treated, they behave just as if in the dark. For 
instance, Forel varnished over the compound eyes of 
some flies (Musca vomitoria and Lucilia cmar), and 
found that, if placed on the ground, they made no 
attempt to rise ; while, if thrown in the air, they flew 
first in one direction and then in another, striking 
against any object that came in their way, and being 
apparently quite unable to guide themselves. They 
flew repeatedly against a wall, falling to the ground, 
and unable to alight against it, as they do so cleverly 
when they have their eyes to guide them. Finally, 
they ended by flying straight up into the air, and quite 
out of sight. It seems, indeed, to bo a very general 
rule that insects of which the eyes are covered, 
whether they are totally blinded, or whether the ocelli 
are left uncovered, fly straight up into the air — a very 
curious and significant fact of which I think no 
satisfactory explanation has yet been given. 

Plateau * regards the simple eyes, or ocelli, as rudi-» 
mentary organs of scarcely any use to the insect, Forel 
also states, as the result of his observations, that wasps, 
humble bees, ants, etc,, find their way both in the air 
and on the ground, almost equally well without as with 
the aid of their ocelli, 

I confess that I am not satisfied on this point. In 
such experiments great care is necessaiy. M, Forel’s 
interesting experiments with ants, whose compound eyes 

• BulL de V Acad, Boy. de Belgique^ t. x., 1885 . 
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he had covered with opaque varnish, might almost, for 
instance, be quoted to prove the same nith reference 
to the compound e}'es. *‘Mes Camponotus aux yeux 
vemis,” he says, ‘‘attaquaient et tuaient aussitot une 
Formica fusca mise au milieu d’eux, la saisissaient 
presque aussi adroiteinent que ceux qui avaient leurs 
yeux. Ils demenageaieut un tas de larves d’un coin 
de leur recipient a I’autre avec autant de precision 
qu* avec leurs yeux.** * 

On the other hand, Forel goes so far as to say that 
if the compound eyes are covered with black varnish, 
insects cannot even ])erceive light (“ Cela prouve 
qu’elles ne voyaient plus ineme la lueiir’*). In fact, 
the use of the ocelli seems a great enigma, at least 
when the compound eyes are present. 

We must remember that some other Articulata — 
spiders, for instance — possess ocelli only, and they 
certainly see, though not probably very well. 

Plateau has made some ingenious observations, from 
which it appears that spiders are very short-sighted, 
and have little power of appreciating form. He found 
they were easily deceived by artificial flies of most 
inartistic construction; and ho concludes that even 
hunting spiders do not perceive their prey at a greater 
distance than ten centimetres (about four inches), and 
in most cases even less. Scorpions appeared scarcely 
to see beyond their own pincers. 

I have also made some experiments on this point 
with spiders {Lycosa saccata). In this species, which is 
very common, the female, after laying her eggs, collects 
them into a ball, which she surrounds with a silken 
envelope and carries about with her. I captured a 

• litcueil ZooL Suisse, 1S87, 
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female* and, after taking the baj? of egp:a from her, put 
her on a table. She ran about awhile, looking; for her 
eggs. When sho became still, I placed the ball of 
eggs gently about two inches in front of her. Sho 
evidently did not see it. I pnslied it gradually towards 
her, but she took no notice till it m arly touched her, 
when she eagerly seized it. 

I then took it away a second time, and put it in the 
middle of the table, which was two feet four inches 
by one foot four, and had nothing else on it. The 
spider wandered about, and sometimes passed close to 
the bag of eggs, but took no notice of it. Sho 
wandered about for an hour and fifty minutes before 
she found it — apparently by accident. I then took it 
away again, and put it down as before, when she 
wandered about for an hour without finding it. 

The same experiment was tried with other individuals, 
and witli the same results. It certainly a|)poared as if 
they could not see more than half an inch before them 
— in fact, scarcely further than the tips of their foot. 

I may also mention that they did not appear to 
recognize their own bags of eggs, but were equally 
happy if they were interchanged. 

On the other hand, it must bo remembered that the 
sac is spun from the spinnerets, and the Lycosa had 
perhaps actually never seen the bag of eggs. Hunting 
spiders certainly appear to perceive their prey at a 
distance of at least several inches. 

Plateau has shown, in a recent memoir, that cater- 
pillars, which possess ocelli, but no com[)Ound eyes, 
are very short-sighted, not seeing above one to two 
centimetres.* 

* “Uech. Exp. 8iir la Vi»ion cbez les Arihroitoilea.” Bull. iU 
^Acad. Boy. de Belgique^ 18 S 8 . 
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Lebert has expressed the opinion • “ that in spiders 
some of their eight eyes — those which are most convex 
and brightly coloured— serve to see during daylight; 
the others, flatter and colorless, during the dusk.*’ 
Pavesi has observed t that in a cave-dwelling species 
(Nesticics speluncarum), which belongs to a genus in 
which the other species have eight eyes, the four 
middle eyes are atrophied. This suggests that they 
serve specially in daylight. 

Returning for a moment to the ocelli of true insects, 
it seems almost incredible that such complex organs 
should be rudimentary or useless. Moreover, the 
evidence afforded by the genus Eciton seems difficult 
to reconcile with this theory. The species of this 
genus are hunting ants, which move about in large 
armies and attack almost all sorts of insects, whence 
they are known as driver ants, or army ants. They 
have no compound eyes, but in the place of them 
most species have a single large ocellus on each side 
of the head, while others, on the contrary, are blind. 
Now, while the former hunt in the open, and have all 
the appearance of seeing fairly well, the latter con- 
struct covered galleries, and seek their prey in hollow 
trees and other dark localities. 

Insects with good sight generally have the crystalline 
lenses narrow and long, which involves a great loss of 
light. The ocelli are specially developed in insects, 
such as ants, bees, and wasps, which live partly in the 
open light and partly in the dark recesses of nests. 
Again, the night-flying moths all possess ocelli ; while 
they are entirely absent in butterflies, with, accord- 

* “ Die Spinnen der Schweiz.” 

t ‘^Sopra una nuova Specie di Ragui.'* 
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ing to Scudder, one exception, namely, the genua 
Pamphila. 

On the whole, then, perhaps the most probable view 
is that, as regards insects, the ocelli are useful in dark 
places and for near vision.* 

Whatever the special function of ocelli may be, it 
seems clear that they must see in the same manner as 
our eyes do — that is to say, the image must be reversed. 
On the other hand, in the case of compound eyes, it 
seems probable that the vision is direct, and the diffi- 
culty of accounting for the existence in the same animal 
of two such different kinds of eyes is certainly enhanced 
by the fact that, as it would seem, the image given by 
the medial eyes is reversed, while that of the lateral 
ones is direct. 

♦ Ford, in his last memoir, inclinos to this opinioa. 
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CHAITER VIII. 

ON PROBLEMATICAL ORGANS OF SENSE. 

In addition to the organs of wliicli I have attempted 
in tlio preceding cliapters to give some idea, and to 
those which from their structure we may suppose to 
perform analogous functions, there are others of con- 
siderable importance and complexity, which are evi- 
dently organs of some sense, but the use and purpose 
of which are still unknown. 

“It is almost impossible,” says Oegenbaur,* “to 
say what is the pliysiological duty of a number of 
organs, whicli arc clearly sensory, and are connected 
with the integument. These enlargements are generally 
formed by ciliated regions to which a nerve passes, 
and at which it oftmi forms enlargements. It is 
doubtful what part of the surrounding medium acts on 
these organs, and we have to make a somewhat far- 
fetched analogy to bo able to regard them as olfactory 
organs.*' 

Among the structures of w’hich the use is still quite 
uncertain are the muciferous canals of fishes. The 
skin of fishes, indeed, contains a whole series of organs 
of whose functions we know^ little. As regards the 

• “ Elements of Comparative Auatomy.” 
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mnriferous canal, Schultze lias suggestod • that it is a 
sense-organ adapted to receive vibrations of the water 
with wave-lengths too great to be perceived as ordinary 
sounds, Bcanl also loans to this same view. However 
this may be, it is remarkably developed in many deep- 
sea fish. 

In some cases peculiar oyc-liko bodies are developed 
in connection (though not exclusively so) with the 
muciferous canal, Leuckart,t by whom they were 
discovered, at first considc^red tluun to bo accessory 
eyes, but subsequent researches led him to modify 
this opinion, and to regard them as luminous organs. 
UssowJ has more recently maintained that th(‘y are 
eyes, and Loydig considers them as organs which 
approaeli very nearly to true eyes welcho wirldichen 
Fehorganen sehr naho stcdien ”). Whatever doubt there 
may bo whether they have any power of sight, there is 
no longer any question but that they are luminous, 
and they are especially developed in the fishes of the 
deep sea. 

These are very poemliar. The abysses of the ocean 
are quite still, and black darkness reigns. The 
pressure of the water is also very great. 

Hence the deep seas have a peculiar fauna of their 
own. Surface species could not generally bear the 
enormous pressure, and do not descend to any groat 
dej)th. The true deep-sea forms are, however, as yet 
little known. They are but seldom scon, and when 

• ‘^Ueber dio der Rcitenlinio l»ci Fischen und 

Ampliihien,” Arch, f Ur Mic. Anaf.^ 1870. 

t “ Uebtr raiithmagglicho Nebenaugen boi cinom Fisoho.” Bcricht 
fiber die 39 Vern., Deutscher NatnrforBchcr., Gie»Ben^ 1804. 

X “ Ueber den Bau der »og. angeirahnliclien Flccken einiger 
Knochenflgche/* Bull. Soc. Imp. Moscow, 1879. 
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obtained are generally in a bad state of preservation. 
Their tissues seem to be unusually lax, and liable to 
destruction. Moreover, in every living organism, 
besides those usually present in the digestive orgems, 
the blood and other fluids contain gases in solution. 
Those, of course, ex[)and when the pressure is 
diminished, and tend to rupture the tissues. The 
circumstances under which some deep-sea fish have 
occasionally been met with on the surface bears this 
out. They are generally found to have perished while 
endeavouring to swallow some prey not much smaller, 
or even in some cases larger, than themselves. What, 
then, has happened ? During the struggle they were 
carried into an upper layer of water. Immediately 
the gases within them began to expand, and raised 
them higher; the process continued, and they were 
carried up more and more rai)idly, until they reached 
the surface in a dying condition.* 

It is, however, but rarely that deep-sea fish are 
found thus floating on the surface, and our knowledge 
of them is mainly derived from the dredge, and 
especially from tlie specimens thus obtained during 
the voyage of the Challenger. 

In other respects, moreover, their conditions of life 
in the ocean depths are very peculiar. The light oi 
the sun cannot penetrate beyond about two hundred 
fathoms; deeper than this, complete darkness prevails. 
Hence in many species the eyes have more or less 
completely disappeared. In others, on the contrary, 
they are well developed, and these may be said to he 
a light to themselves. In some species there are a 
number of luminous organs arranged within the area 


• Gunther, ** Introduction to the Study of Fishes.” 
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of, and in relation to, the miiciferouB eyBtem ; while in 
others they are variously situated. These luminous 
organs were first mentioned by Cocco.^ They have 
since been studied by IJunlher, Leuckurt, Ussim, 
Leydig, and Emery. Lastly, they have been carefully 
described by (iunther, Moseh‘y, and von Lendeufeld 
in the work on “Deep-Sea Fishes,** in vol. xxvii. of 
the ‘‘Challenger Deports.** The deep-sea fish are 
either silvery, pink, or in many cases black, sometimes 
relieved with scarlet, and, when the luminous organs 
flash out, must present a V(Ty remarkable appe arance. 

We have still much to learn as to the structure and 
functions of these organs, but there are cases in 
which their use can Im 3 surmised with some probability. 
The light is evidently under the will of the fish. It is 
easy to imagine a Fhotichthys (Fig. 114), swimming 



Ffg. WK.’-’Photichthyt art/entcus ('‘Challenger vul. xxvii.), 

in the black deptlis of the ocean, suddenly flashing out 
light from its luminous organs, and thus bringing into 
view any prey which may be near; while, if danger 
is disclosed, the light is again at once extinguished. 
It may be observed that the largest of these organs is 
situated just under the eye, so that the fish is actually 
provided with a bull’s eye lantern. In other cases 

* Nmvi Ann. dn ScL Naty 1838. 
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the light may rather serve as a defence, some having — 
as, for instance, in the genus f^copelus — a pair of large 
ones in the tail, so that a strong ray of light shot 
forth from the stern-chaser may dazzle and frighten an 
enemy.” * In other cases they prob.ihly serve as lures. 
The “ sea-devil,” or “ angler,” of our coasts has on 
its head three long, very flexible, reddisli filaments, 
while all round its head are fringed appendages, closely 
resembling fronds of seaweed. The lish conceals itself 
at the bottom , in the sand or among seaweed, and 
dangles thf‘ long filaments in front of its mouth. 
Other little fishes, taking them for worms, unsuspect- 
ingly approach, and themselves fall victims. 

Several species of the same family live at great 



Fig. 115. — (Vraaus btsj)tnosu$ 0‘eballengcr Ropoits,’ vol. xxvii.). 

depths, and have very similar habits. A mere red 
filament would, however, be invisible in the dark, and 
therefore useless. They have, however, developed 
(Fig. 115) a luminous organ, a living “ glow-lamp,” at 
^ G uQtiier, ChalleDger Keporls,*' voL xxvii. 
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the end of the filaraent, which doubtless proves a very 
effective lure/ 

These cases, however, though very interesting, throw 
little light on the use of the inueiferous system 
in ordinary fish, which, I think, still remains an 
enigma. 

In some of the lower animals, the nerves terminate 
on reaching the skin at the base of roddik(‘. structures 
similar, in many respects, to the rods of the retina, or 
the auditory rods of the ear, and of whi(h it is very 
difficult to say whether they are organs of touch or of 
some higher sense. 

Kound the margin of the common Bca-aneraono is 
a circle of bright blue sj)Ot3, or small bladders. If a 
section be made, tliere will be found a number of 
cylindrical organs, each containing a fine tliread, and 
terminating in a ‘‘ enidocil (Fig. M);’' and, secondly, 
fibres very like nerve-threads, sw(dling from time to 
time with ganglionic expansions, and also terminating 
in a cnidocil. These structures, in all probability, 
serve as an organ of sense, but what impressions they 
convey it is imj)083ible to say. 

Some jelly-fishes (Traehyncmadfe) have groups of 
long hairs arranged in pairs at the base of the tenlueles 
(Fig. 110), which have l>ecn regarded as organs ol 
touch, and it is certainly difficult to suggest any other 
function for them. They are obviously sense-hairs, 
but I see no reason for attributing to them the sense 
of touch. 

The so-called eyes of the leech, in Leydig’s t opinion, 

♦ GUnther, “ Study of Fiahci.” 

t “Dio Augen und neue Sinneeorgaue der Egcl./* EeicherVg Arch., 
1801. 
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which is confirmed by Eanke,* are also developed from 
the supposed special organs of touch. The latter are 
much more numerous, as many as sixty being developed 



Fig, 116 . — Kdgo of a port ion of the mantle of Aglauro hrmiftoma, with a pair of sense- 
org^^no (afler Ilortwig^ v, Velum; k, senae-orgau ; ro, layer of nettle cells; f, 
tentacle. 

on the head alone. They are cylindrical organs, lined 
with large iiueleated refractive cells, which occupy 
nearly all the interior. A special nerve penetrates 
each, and, after passing some way up, appears to 
terminate in a free end. 

I may also allude to the very varied bristles and 
cirrhi of worms, with their great diversity of forms. 

Among Insects and Crustacea, there are a great 
number of peculiarly formed skin appendages, for 
which it is very diflScult to suggest any probable 
function. 

The lower antennoe of the male in Gammams, for 
instance, bear a very peculiar slipper-shaped organ, 
situated on a short stalk : this was first mentioned by 

* “ Beit, zu der Lehre. von den Uebergange Sinnesorganen,” 
fur IVm. Zool.y 1875. 
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Milne E<lwar(is, and subsequently by other authors, 
especially by Leydig.* The short stalk contains a 
canal, which appears to divide into radiating branches 
on reaching the ‘‘slipper/* 
which itself is marked by a 
series of rings. 

Among other problematical 
organs, I might refer to the 
remarkable pyriform sensory 
organs on the antennm of 
Pleuromma,t the appendages 
on the second thoracic leg of 
Serolis, those on the maxilli- 
peds of Eurycopa, on the me- 
tatarsus of sjuders, the finger- 
shaped organ on the antenna? 
of Polydesinus, the singular 
pleural eye (?) of Pleuromrna, 
and many others. 

There is every reason to 
hope that future studies will 
throw much light on these in- 
teresting structures. We may, no doubt, ex])(ot much 
from the improvement in our microHcopos, the use of 
new reagents, and of mechanical a{)pliancos, such as 
the microtome ; but the ultimate atoms of which matter 
is composed are so infinitesimally minute, that it is 
difficult to foresee any manner in which we may hope 
for a final solution of these problems. 

Loschraidt, who has since been confirmed by Stoney 
and Sir W. Thomson, calculates that each of the 

* Zeit, fur lyUs. 1878. 

t Brady, “ On the Co|K'po la of the Challenger Expedition,’^ vol. vliL 
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ultimate atoms of rantter is at most 
inch in diameter. Under these circumr^tances, we 
cannot, it would seem, hope at present for any great 
increase of our knowledge of atoms by improvements 
in the microscope. With our present instruments we 
can p<‘rceivo lines ruled on glass which are <, 0.000 
inch apart. But, owing to the properties of light itself, 
the fringes duo to interference begin to produce con- 
fusion at distances of 7 4 Jjoo» ^^^^1 brightest part 

of the spectrum, at little more than oo.o6o> w^uld 
make the obscurity more or less complete. If, indeed, 
we could use tin" blue rays by themselves, their waves 
being much shorter, the limit of possible visibility 
might be extended to i.jo^ooo *> Helmholtz has 

suggested, this perhaps accounts for Stinde having 
actually been able to obtain a piiotographic image of 
lines only apart. This, however, 

NNould appear to bo the limit, and it would seeni, 
tlien, that, owing to the }>hysical cliaracters of light, 
we can scarcely hope for any great improvement so 
far as the mere visibility of structure is concerned, 
though in other res})ects, no doubt, much may be 
hoped for. At the same time, Dallinger and Koyston 
Pigott have shown that, as far as the mere presence 
of simple objects is concerned, bodies of even smaller 
dimensions can be perceived. Accx)rding to the views 
of Helmholtz, the smallest particle that could be 
distinctly defined, when associated with others, is 
about diameter. Now, it has 

been estimated that a particle of albumen of this size 
contains 125,000,000 of molecules. In the case of such 
a simple compound as water, the number would bo 
no less than 8,000,000,000. Even then, if we could 
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construct microscopes far more IK)^^erful than any wo 
now possess, they could not enable us to obtain by 
direct vision any idea of the ultimate molecules of 
matter. The smallest sphere of orjxanic matter which 
could be clearly defined \Nith our most powerful micro- 
scopes may bo, in reality, very complex ; may bo built 
up of many millions of mohrules, and it follows that 
there may bo an almost infinite number of structural 
characters in organic tissues which we can at present 
foresee no mode of examining. 

Again, it has been shown that animals hear sounds 
which are beyond the range of our hearing, and that 
they can perceive the ultra-violet rays, which are 
invisible to our eyes.* 

Now, as every ray of homogeneous light which wo 
can perceive at all, appears to us us a distinct coh)r, 
it becomes probable that tlieso ultra-violet rays must 
make themselves aj)j)areiit to the ants as a distinct and 
sefiarate color (of which we can form no idea), but as 
different from the rest as red is from yellow, or green 
from violet. The cpiestion also arises whether white 
light to these insects w^ould differ from our white light 
in containing this additional color. At any rate, as 
few of the colors in nature are pure, but almost all 
arise from the combination of rays of different wave- 
lengths, and as in such cases the visible resultant 
would be composed not only of the rays we see, but of 
these and the ultra-violet, it would appear that the 
colors of objects md the general aspect of nature 
must present to animals a very different appearance 
I'rom what it does to us. 

These considerations cannot but rai^c the reflection 

• ** Aiittt, litcif and 



192 


UNKNOWN SENSES, 


how different the world may — I was going to say must 
— appear to other animals from what it does to us. 
Sound is the sensation produced on us when the vibra- 
tions of the air strike on the drum of our ear. When 
they are few, tlie sound is deep ; os they increase in 
number, it becomes shriller and shriller ; but when they 
reach 40,000 in a second, they cease to be audible. 
Light is the effect produced on us when waves of light 
strike on the eye. When 400 millions of millions of 
vibrations of ether strike the retina in a second, they 
produce red, and as the number increases the color 
passes into orange, then yellow, green, blue, and violet. 
But between 40,000 vibrations in a second and 400 
millions of millions we have no organ of sense capable 
of receiving the impression. Yet between these limits 
any number of sensations may exist. We have five 
senses, and sometimes fancy that no others are possible. 
But it is obvious that we cannot measure the infinite 
by our own narrow limitations. 

Moreover, looking at the question from the other 
side, we find in animals complex organs of sense, richly 
supplied with nerves, but the function of which we are 
as yet powerless to explain. There may bo fifty other 
senses as different from ours as sound is from sight ; 
and even within the boundaries of our own senses there 
may be endless sounds which we cannot hear, and 
colors, as different iis red from green, of which we have 
no conception. These and a thousand other questions 
remain for solution. The familiar world which sur- 
rounds US may be a totally different place to other 
animals. To them it may be full of music which we 
cannot hear, of color which we cannot see, of sensations 
which we cannot conceive. To place stuffed birds and 
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in glass crises, to arrange insects in cabinet**, 
and dried plants in drawers, is merely the drudgery 
and preliminary of study; to watch their habits, to 
understand their relations to one anotlier, to study 
their instincts and intelligence, to tiseertain their 
adai)tations and their relations to the forces of nature, 
to realize what the worhl appears to them ; these 
constitute, as it seems to me at least, the true interest 
of natural history, and may even give us tlm clue to 
sensas and perceptions of which at present wo have no 
conception. 


o 
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CHArTER IX. 

ON BEES AND COLORS. 

In my book on ‘^Ants, Bees, and \Vasj>s,”* I liave 
recorded a numb.T of observations which seemed to 
me to prove that bees possess tlie power of distinguish* 
ing colors — a power implied, of course, in the now 
generally accepted views us to the origin of the colors 
of flowers, but which had not up to that time been 
proved by direct experiment. 

Amongst other experiments, I brought a bee to some 
honey which I jdaced on a slip of glass laid on blue 
paj)er, and about three feet off I placed a similar drop 
of honey on orange paper. With a drop of honey before 
her a bee takes two or three minutes to fill herself, then 
flies away, stores up the honey, and returns for more. 
Sly hives were about two hundred yards from the 
window, and the bees were absent about three minutes, 
or even less; when working quietly they fly very quickly, 
and the actual journeys to and fro did not take more 
than a few seconds. After the bee had returned twice, I 
transposed the papers ; but she returned to the honey 
on the blue paper, I allowed her to continue this for 
some time, and then again transposed the papers. She 

• “ Ante, Bees, iind ^Va>ps,” International Scientific Series. Kegan 
Paul, Trench & Co. 
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returned to the old spot^ and was just going to alight, 
when she observed the change of color, pulled herself 
up, and without a moment’s hesitation darted off to the 
blue. No one who saw her at that moment could have 
the slightest doubt about her perceiving the difference 
between the two colors. 

I also made a number of similar observations with 
red, yellow, green, and white. But I was anxious to 
Ciirry the matter further, and ascertain, if possible 
whether they have any jwcference for one color over 
another, which had been denied by AL Bonnier. To 
test this I took slips of glass of the size used for slidt*s 
for the microscope, viz. three inches by one, and pasted 
on them slips of paper of the same sizi*, coloured re- 
spectively blue, green, orange, red, white, and yellow. I 
then put them on a lawn, in a row, about a foot apart, 
and on each p\it a second slip of glass with a drop of 
honey. I also put w ith them a slip of plain glass with a 
similar drop of liom^y. 1 had })reviouHly trained 
a maiked bee to come to the place for honey. My 
plan then was, when the bee returned and had 8i[)ped 
for about a qiunter of a minute, to remove the honey, 
when she flew to another slip. This 1 then took away, 
when she went to a third, and so on. In this way, os 
bees generally suck for three or four minutes, I induced 
her to visit all the drops successively before returning 
to the nest. When she had gone to the nest, I trans- 
posed all the upper glasses with the honey, and also 
moved the colored glasses. Thus, as the drop of hon(.‘y 
was changed each time, and also the position of the 
colored glasses, neither of these could influrmce the 
selection by the bee. 

In recording the results, I marked down successively 
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the order in which the bee went to the different coloured 
glasses. For instance, in the first journey from the 
nest, as recorded below, the bee lit first on the blue, 
which accordingly I marko<l 1 ; when the blue was 
removed, she flew about a little, and then lit on the 
white; when the white was removed, she settled on 
the green, and so on successively on the orange, yellow, 
plain, and red. I rtpeated the experiment a hundred 
times, using two different hives — one in Kent and one 
in ^riddlesex — and spreading the observations over 
some time, so as to experiment with different bees, and 
under varied circumstaneeH. 

I believe tl»at the precautions taken placed the 
colors on an equal footing, and that the number of ex- 
periments is Huflici( nt to give a fair average. More- 
over, they were spread o\er several days, and the daily 
totals did not differ much from one another. The 
result shows a marked preference for blue, then white, 
then suceoxsively yellow, red, green, and orange. The 
red I used vuis a scarlet; pink would, I believe from 
subsequent observations, have been more popular. I 
may also observe that the honey on plain gloss was 
less visited tliaii that on any of the colors, which was 
the more significant because when I was not actually 
observing, the colors were removed, and some drops 
of honey left on plain glass, which naturally gave 
the plain glass an advantage. 

Another mode of testing the result is to take the 
number of times in which the bee went first to each 
color, for insti^nce, in a hundred visits she came to the 
blue first thirty-one times, and last only four; while to 
the plain glass she came first only five times, and last 
twenty-four times. It may be worth while to add that 
I by no means expected such a result. 
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A recent number of Kosmos contains a very couite- 
ous and complimentary notice of these observations by 
Dr. H. Muller, which, coming from so high an authority, 
is especially gratifying. Dr. Muller, however, criticizes 
gome of the above-mentioned experiments, and remarks 
that, in order to make the test absolutely correct, the 
seven glasses should have been arranged in every 
possible order, and that this would give no less than 
5040 combinations. I did not, however, suppose that 
I had attained to mathematical accuracy, or shown the 
exact degree of preference; all I claimed to show was 
the exisbmee, and order, of preference, and I think 
that, 08 in my ex]>erimcnts the position of tlic colors 
was continually being changed, the result in this respect 
would have been substantially the same. 

Dr. Muller also observes that whei^ a bee has been 
accustomed to come to one place for honey, slie returns 
to it, and will tend to alight there whatever the color 
may be ; and lie shows, by the record of his own 
experien^'cs, that this has a considerable influence. 
This is so. Of course, however, it upi>li(‘s mainly to 
bees which had been used for tome time, and were 
accustomed to a particular spot. I was fully alive to 
this tendency of the bees, and neutralized it to a 
considerable extent, partly by frequently changing the 
bee, and partly by moving the glasses. While, how- 
ever, I admit that it is a factor which lias to be taken 
into consideration, I do not see that it affords any 
argument against my conclusions. The tendency would 
be to weaken tlie eflect of preference for any particular 
color, and to equalize the visits to all the glasses. This 
tendency on the part of the bees was, as my experiments 
show, overborne by the effect produced u{>on them 
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by the color. Bo far, then, from weakening my con- 
clusions, the fact, so far as it goes, tends to strengtljen 
them, l>ecause it shows that notwithstanding this 
tendency the blue w^as preferred, and the honey on 
colorless glass neglected. The legitimate conclusion 
to be drawm seems, I confess, to me, not that my mode 
of observation was faulty, but rather that the pre- 
ference of the bees for [mrticular colors is even some- 
what greater than the numbers would indicate. 

Next, Dr. Mulh r objects that wlien disturbed from 
one drop of honey, the b(*es naturally would, and that 
in his experiments they actually did, fly to the next. 
As a matter of fart, how’rver, this did not happen in 
mine, because, to avoid this source of error, wdeii 1 
removed the (.*()lor I gave the })ee a good shuke, and so 
made her bike a flight bidbie settling down again. 

According to my experience, bees difTer considerably 
in character, or, 1 should rather perhaps say, in humour. 
Some are much sliyer and more restless than others. 
When disturbed from tlie first drop of honey, some are 
much longer before they settle on the next than others. 
Much also, of course, depends on how long the bee has 
been experimented on. Bees, like men, settle down to 
tlieir work. Moreover, it is no doubt true that, cateris 
paribus, a bee iu search of honey will go to the nearest 
source. 

But, as a matter of fact, in my liumlred experiments 
I bad but very few cases like those quoted above from 
Dr. Muller. This arose partly from the fact that my 
bees were frequently changed, and partly because, as 
already mentioned, I took care, in removing the color, 
to startle the bee enough to make her take a little 
flight before alighting again. Dr. Muller says that in 
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his exporiments, when the bee did not po to the next 
honey, it was when he shook her off too viporously. I 
should rather siiy that in his observations he did not 
shake the bee off viporonsly enough. The whole 
objection, however, is oi>en to the same remark as the 
hist The bee would have a tendency, of course, like 
any one else, to po to its goal by the nearest route. 
Hence I never supposed that the ligurcs exactly indi- 
cate the degree of preference. The very fact, however, 
that there would naturally bo a tendency on the part 
of the bees to Siive themselves hilnnir by going to the 
nearest honey, makes the contrast shown by my 
observations all the more striking. 

I have never alleged that it was possible, in tlio case 
of bees (or. for that matter, of men (dther), to g(‘t any 
absolute and exact measure of ]u'eferenco for one color 
over another. It would be easy to suggest many con- 
siderations wliich would [)r('vent this. For instance, 
something would probably depend on the kind of 
flow'cr the lx‘e had been in the liabit of visiting. A 
bee which had been sucking daisies might probably 
behave very differently from one which ha<l been 
frequenting a blue flower. 

8o far, liowever, as the conclusions which I ventured 
to draw are concerned, I cannot see that they are in 
any way invalidated by the objections which Dr. 
Muller has urgfKl, which, on the other hand, as it seems 
to me, rather tend to strengthen my argument. 

I may perhaps be asked, If blue is the favourite 
color of bees, and then pink, and if bees have bad so 
much to do with the origin of flowers, how is it there 
are so few blue and pink ones? 

The explanation I believe to be that all blue flowers 
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have descended from ancer>tors in which the flowers 
wore red, these from others in which they were yellow, 
while originally they were all gi-een — or, to speak more 
precisely, in which the leaves immediately surrounding 
the stamens and pistil were green ; that they have 
passed through stages of yellow, and generally if not 
always red, before becoming blue. 

It is, of course, easy to see that the possession of color 
is an advantage to flowers in rendering them more 
conspicuous, more easily seen, and less readily over- 
looked, by the insects which fertilize them ; but it is 
not quite so clear wliy, apart from brilliancy and 
visibility at a distance, one color should bo more 
advantageous than another. These ex{>eriment8 how- 
ever, which show that insects have their preference, 
throw some light on the subject. 

Whore in8(‘ct8 are beguiled into visits, as is tlie case 
especially with flies, they are obviously more likely to 
be deceived if the flowers not only, as is often the case, 
smell like decaying animal substance, but almost re- 
semble them in appearance. Hence many fly flowers 
not only emit a most offensive smell, but also are dingy 
yellow or red, often mottled, and very closely resemble 
in color decaying meat. 

There remains another case in which allied flowers, 
and species, moreover, which are fertilized by very much 
the same insects, are yet characterized by distinct 
colors. Wo have, for instance, three nearly allied 
species of dead nettle— one white {Lamium album), one 
red {Lamium maculatum), and one yellow {Lamium 
galeohdohn or luteum). 

Now', if we imagine the existence in a single genus 
of three separate species, similar in general habit and 
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appearance, and yet mutually infertile, it is easy to 
see that it would be an advantage to thorn to have 
tlieir floweis differently colored. The three species 
of above mentioned may be growing together, 

and yet the bees, without difficulty or loss of time, can 
distinguish the 6{>Goie8 from one another, and collect 
pollen and honey without confusing them together. On 
the other hand, if they were similarly colored, the 
bees could only clistinguisli them with comparative 
difficulty, involving some loss of time and probably 
many mistakes. 

1 have not yet alluded esp(»cially to white flowers* 
They seem to stand in a somewhat special position. 
The gem'ral sequence, as I have suggested, is from 
green, through yellow and rod, to blue. Flowers 
normally yellow seldom sport into red or blue; those 
iionnully red often sport into yellow, but seldom into 
blue. On tlie otlier ban<l, flowers of almost any color 
may sport into whib\ White is produced by the 
absence of cedor, may tlicrefore appear at any stage, 
and will bo stereotyped if for any reason it should prove 
to bo an advantage.* 

♦ Tlie goncoia of the cctlor is a large and intrresting qiUHtion, It 
may be due to various causes, and is by no means always owing to tlie 
pieseiice of a different coloring mutter. Fur iiiBtui»cc, as Professor 
Foster has observed to me, many species of Iris occur in bluo aud 
yellow forms. The yellow is largely, or wholly, produced by chronm- 
to})lacts, the purple or blue to cell-sap, and if the latter is absent tho 
jellow becomes apparent. 
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CIIArTEli X. 

ON Tlir: LIMITS OB' VISION OF ANIMALa 

Ants and Colors. 

I IIAVK (‘Isowhere * d^coihUmI h series of experiments on 
ants with of different wave-lengths, in order, if 

possible, to determino whether ants have the power of 
distinguishing eolors. For this purpose I utilized the 
dislike whieh ants, when in their nest, have for light. 
Not unnaturally, if a nest is uncovered, they tliink they 
are being attacked, and hasten to carry their young 
away to a darker and, as they suj)pose, a safer place. 
I satisfied inys(‘lf, by hiindrcnls of experiments, that if 
1 exposed to light the greater part of a nest, but left 
any of it covered over, the young wc^uld certainly l>e 
conveytd to the dark part. In this manner I satisfied 
myself that the various rays of the speedrum act on 
them in a different manner from that in which they 
affect us; for instance, that ants are specially sensitive 
to the violet rays. 

But I was anxious to go beyond this, and to attempt 
to determine whether, as M. Paul Bert supposed, their 
limits of vision are the game as ours. We all know^ that 

♦ ” AuU, Bt't‘8, and Wuspa.” 
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if a ray of white light is passed through a prism, it is 
broken up into a beautiful \mml of colors, known as the 
spectrum. To our eyes this a{)ectruni, like the rainbow, 
which is, in fact, a spectrum, is bounded by red at the 
one end and violet at the other, the edge lK‘ing sharply 
marked at the red end, but less abruptly at the violet 
But a ray of light contains, besides the rays visible to 
our eyes, others which are called, though not with 
absolute correctness, heat-rays and chemical rays. 
These, so far from falling within the limits of our vision, 
extend fur beyond it, the heat-rays at the rtal end, the 
chemical or ultra-vioh t rays at the vioh‘t end. 

I made a number of experiments which satisfied mo 
tliat ants are bcnsitive to the ultra-violet rays, which 
lie beyoud the range' of our vision. I was also anxious 
to see how two colors identi(*al to our (‘yes, but one 
of which transmitted and the otluT intercepted the 
ultra-violet rays, would aflVet the ants. 

Mr. Wigner was gocxl enougli to jui paro for mo a 
solution of iodine in bisulphide of carbon, and a second 
of indigo, carmine, and roseine mixed so as to produce 
the same tint. To our eyes the two were idi nticul both 
in color and capacity ; but of course the ultra-violet 
rays were cut ofl‘ by the bisulphide-of-carbon solution, 
wliile they were, at least for the most part, transmitted 
by the other. I placed equal amounts in flat-sided 
glass bottles, so as to have the same depth of each 
liquid. I then laid them, as in previous (‘X[>criment8, 
over a nest of Formica fusca. In twenty observations 
the ants went seventeen times in all under the i(xlino 
and bisulphide, twice under the solution of indigo 
and carmine, while once there were some under each. 
These observations, therefore, show^ tliat the solutions, 
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though apparently identical to us, ap}>cared to the auts 
very different, and that, as before, they preferred to 
rest under the liquid which intercepted the ultra-violet 
rays. In two or three cases only they went under the 
other bottle ; but I ouglit to add that my observations 
were made in winter, wlien the ants were rather 
sluggish. I am disposed to think that in summer 
perhaps these exceptional cases would not have 
occurred. 

Professor Graber, however, while admitting the 
accuracy of my observations, has attempted to prove 
that the perccj)tion of the ultra-violet rays is not a 
case of sight in the ordinary acceptation of tlic words, 
but is due to the general sensitiveness of the skin. 

It has long been known that some of the losver 
animals which do not possess eyes are, nevertheless, 
sensitive to light, lloffmeister,* in his work on earth- 
worms, states that, wdth some exceptions, they are 
very sensitive to light. Darwin, perhaps, experimented 
witli a different sp -cies (for there are many different 
kinds); at any rate, his specimens seemed to bo less 
keenly affected, though if one was suddenly illumi- 
nated it diished like a rabbit into its burrow.*' He 
observed, however, that some individuals were more 
sensitive to light than others, and tliat the same indi- 
viduals by no means always acted in the same way. 
Moreover, if they “ were employed in dragging leaves 
into their burrows or in eating them, and even during 
the short intervals when they rested from their work, 
they either did not perceive the light or were regard- 
less of it.’*t He observes, however, that it is only the 

• “ Familie der Regen wiirmer,” 1815. 

f Dar^iria'i ** Earth worma.” 
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anterior extremity of the bcwly, where the cerebral 
ganglia lie, which is afft^tecl by light, and he suggo.^ts 
that the light may pass through the skin and acts 
directly on the nervous centres. 

Lacaze-Duthiers, Ilacckel, Engcdniann, Graher, 
Plateau, and other naturalists have abtindantly proved 
the sensitiveness to light of other eyeless animals. 

There has, indeed, long Wen a vague idea that blind 
people have some faint perception of light througli the 
general surface of the skin. iSo far as I urn aware 
there is not the slightest evi<lenee or foundation for this 
belief; nor, iri(lee<l, has it been advocabd by any com- 
petent authority. It seems a prioii impr<»bable that 
an animal with complex eyes should still retain a 
power w'hieli would Ih‘ almost entirely useless. 

On the other hand, it is uiajiiestii nahlo tliat light 
can, and often dee-, a(‘t directly on the nerve termi- 
nations without the intermediate operation of any 
optieaI-aj)[>aratus. 

Some of tluun might, perhajs, bo open to criticism. 
The efftn t of heat may not have bet n always sufficiently 
guarded against. Again, it is quite true that, as Plateau 
observes Lorsque les Myriapodes chilopodes aveugles 
ou munis d’yeux, deposes sur le sol, s’introduiseiit avec 
empresseraent dans la premifjre fento qu'ils rencon- 
trent, cet acte n’est pas (letonnin6 par le seul besoin do 
fuir la lurnicre, ces anirnaux chercheiit en memo temps 
un milieu humide et avec lequel la plus grande partie 
de la surface de leur corps soit ( n (‘onta( t direct.’* ♦ 
But though this is no doubt true, and though, perhaps, 
the moisture may be some help, still, whatever be their 

• Plateau, ** Rech. sur la perception do la lumifero par les Myrtapoilci 
ayeuglea/* Jour. doVAnalomU^ etc., T. xxii. 1886. 
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object, we can hardly doubt that the absence of light is 
the principal guide. 

Professor Graber,* in his interesting memoir on 
this subject confirms the observations on ants and 
Daphnias, in which 1 showed that they are sensitive to 
the ultra-violet rays, by similar observations on earth- 
worms, newts, etc. It is interesting, moreover, that the 
species examined by him 8hov\ed themselves, like the 
ants, specially sensitive to the blue, violet, and ultra- 
violet rays. Gruber, ho\<ever, states that he differs 
from me inasmuch as I attribute the sensitiveness to 
the ultra-violet rays exclusively to vision ; — that it is 
‘‘ausschliesslich durch die Augen vermittelt.” I am 
not, however, of that opinion as a general expression, 
though I believe it to be true of ants, where the 
opacity of the ehitine renders it unlikely that the light 
could be perceived except by the medium of the eyes 
or ocelli. 

Graber has shown in earthworms and newts, and 
Itatoauf in certain Myriapods, that tliese animals 
perceive the difference between light and darkness by 
the general surface of the skin. Put more than this, 
Gruber seems to have demoiistrated that earthworms 
and newts distinguish not only between light of differ- 
ent intmisity, but also between rays of different wave- 
lengths, preferring red to blue or green, and green to 
blue. He found, moreover, as 1 did, that they are 
sensitive to the ultra-violet rays. Earthworms, of 
course, have no eyes; but, thinking that the light might 

• “Fundamental Versuche iiWr die Helligkeits und Fnrbcn Em- 
pfiudlichkeit augenloser uud gebleudtter Tbiere,” Sit:. Kais. Akad, 
d. W'ien : 18S3. 

t Journ. de VAnatomie et de la PhyMogie^ 18S6. 
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act directly on the cephalic gauglia, (JraUer decapi- 
tated a certain number, and found that the light still 
acted on them in the same manner, though the difter- 
encos were not bo marked. He also covertnl over the 
eyes of newts, and found that the same held good uilh 
them. 

Hence he concludes that the general surface of tho 
skin is sensitive to light. These results are certainly 
curious and inb^resting, but even if we admit the 
absolute correctness of his d(*ductions, I do not see that 
they are in opposition to those at which I liad arriv(Ml. 
My main conclusions were that ants, Hajdmitis, etc., 
w’ere able to perceive light of different wave-lengths, 
and that their eyes \V(‘re .sensitive to tlu‘ ultru-vioh t 
rays mueli beyond our limits of vision. His observa- 
tions do not in any way controvert tliese ileduetions; 
indeed, tin* argunu‘nt by which he endeavours to prove 
that the ('ffect is due to true light, and not to warmth, 
presupposes that sensations which can he felt by tho 
general surfueo of tho skin, would be still more vividly 
perceived by the special organs of vision. 

In connection with this subject, I may add that I do 
not at all doubt the sensitiveness to light of eyeless 
animals. In experimenting on this subject, 1 have 
always found that though the blind woodlice (Tlaty- 
arthrus), which live* with the ants, have no ejes, yet if 
part of the nest be uncovered and part kept dark, 
they soon find their way into the sliaded part. It is, 
however, easy to imagine that in unpigmented animals, 
whose skins are more or less semi-transparent, the 
light might act directly on the nervous system, even 
though it could not produce anything wliich could bo 
called vision. 
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Forel, in some recent experiments, varnished over 
the eyes of fifteen ants (Camponotus ligniperdus) and 
put th( m with fifteen otheri*, which were left in their 
normal condition, in a flat box with a glass top and 
divided in the middle into two halves by a cardboard 
division, which, however, left rocjra enough underneath 
fur the ants to pass freely from one half to the other. 
After some other experiments, in the course of w^hich 
one of the vaniished ants was accidentally killed, at 
1 p,m. all the varnished ants and tliirteen of the un- 
varnished were in the right half of the box, and two 
unvarnished in the left, lie then [)laced over the 
whole box two flat bottles containing water to inter- 
cept heat-rays — over the right half a piece of cobalt 
(violet) glass ; and over tho left, a flat bottle conbiining 
a solution of e8(‘uline, which is quite transparent, but 
cuts oft' the ultra-violet rays. At 1.55 tho result wiis 
os follows : — 

Ujkder the eecuHne. Uuder the cobftlt. 

T) varDifiiio<l. 9 varnittht'd. 

13 uuriiml. 2 nonnal. 

The csculine and cobalt were then transposed. At 
2.3 tho position was — 

Under the coIjaII, Under the c^cuUn«. 

4 vaini>hrtl. 13 varnisheil. 

8 normal. 12 normal. 

The esculine and cobalt were again transposed, and 
one normal ant was accidentally wounded and removed. 
At 3.8— 


Under the eaculln® 
8 varnished. 
11 normal. 


Under the cobalt. 
12 vamifthed. 
3 normal 
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The esi uline and cobalt were once more (ratisposed. 
and at ^1.13 there ^^ero — 


the cobalt, 
a varuiahecl. 
I normal. 


Uiulcr Ibo wiculloo. 

1 1 vnrtiiftbcNl. 
lit iiortiuil. 


Thii.*^ the inimbt*rof ants wliioli foliowtHl the esculiuo 
and moved from one half of the box to the otln r at 
(‘ach tninspo&ition of the esculine and cobalt, was as 
follows : — 




.Norm*) 

First chniigo ... 

5 ... 

... 11 

8ocoini 

1 ... 

... 10 

Third 

0 ... 

... *0 

Fourth „ 

0 ... 

... 10 


0 

40 


And the nninbto* remaininjjj under tlu^ (’obalt and 
esculiuo respectively was — 


First cxp^^rimoiit ... 

I'litb r ilif 
Vanilnlu**! 

... 0 

.olalt 

Nvtrin*l. 

2 ... 

I'tvlcr th<5 esriilinfli. 

VariwntjPvl, Normi^l 

... 5 1.3 

St-rond „ 

. . 4 

3 ... 

... 10 

12 

Third „ 

.. 12 

3 ... 

3 

11 

Fourth „ 

... 3 

1 ... 

... 12 

13 


28 

9 

30 

49 


Th(‘se experiments clearly shoAt'd that, wliile the 
normal ants moved from side to side so ns to Ixt under 
the esculine and conso<|uently protected from tlio ultra- 
violet rays, those in which the eyes had been varnished 
remained unaffected by the tran8[X)8ition of the esculine 
and the cobalt, showing that the difference was per- 
ceived, not by the general surface of the skin, but by 
the eyes, and that when these were covered the ants 
were unaffecteii by the cliange. 


P 
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It might be suggested that possibly the ants had 
been injured or stupefied by the vamishing. AI. Forel 
accordingly, on the following day at 8 a.m., jilaced over 
one lialf of the box a layer of water six centimetres 
deep, and on tlie other a piece of red glass, which, 
while intercepting some of the light, allows almost all 
the heat to pass through. At 9.25 there were— 

Under the red gUat. Under the Ujer of 

8 varnUhed. 11 varniuhed. 

12 uornml. 2 normal. 

Here, it seems that the ants which could see pre- 
ferred the shade, even thouirh they were rather too 
warm; while the hoodwinked ants wont under the 
cool water. 

This indicated that the varnislied ants remained 
sensitive to lieat, though not to light. Indeed, Forel 
states that they we re just as lively, just as sensitive to 
currents of air, as the normal ants.* 

These experiments, then, entirely confirm those I 
liad made. “ C ost une confirmation entiere,'* says 
Forel, ^‘des rrsultats de Lubbock t ” and be sums up as 
follows : — The ants ‘‘ paraissent j)ereevoir I’ultni-violet 
principah^ment avec leurs yeux, e’est-a-dire qu'elles le 
voient, car lorsquo leurs yeux sunt vernis elles s’y 
moutrent presquo inJifferentes ; elles ne r&gissent 
alors nettement qu’a une lumiere solaire directe ou 
moins forte. Les exji^riences ci-dessus semblent in- 
diquer que les sensations derraatoptiques sont plus 
faibles chez les fourmis que chez les animaux ^tudi^s 
par Graber.” 

From these and other experiments M. Forel comes 
♦ Loc, at., p. 167. t Ibid., p. 174. 
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to tlie same conclusion as I did, that the ants perceive 
the ultra-violet rays "ith their eyes, and not as sugj^esterl 
by Gralier, by the t-kin gciicmlly. It is very gratifying 
that iny exjK'rimeiits and con 'liisions should thus bo 
entirely contirnied by an ohscrvir so careful and so 
experienced ns ]\I. Ford. 



Expeiumests with Daphnias. 

The late M. Paul Bert made some very interesting 
experiments on a small fresh-water cnistucian belong- 
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ing to the genus Daphnia (Fig. 118), from which he 
concludes that they i>ere«*ive all the colors known to us, 
being, however, especially sensitive to the yellow and 
green, and tliat their limits of vision are the same as ours. 

Nay, he even goes further than this, and feels justi- 
fied in concluding, from the experience of two species 
— Man and Daphnia— that tlie limits of vision would 
be the same in all eases. 

His words are — 

1. “Tons les aninianx vonnt les r»yons spertraux 
que nous voyons.” 

2. *‘Il8 n<‘ vcient auciui de cciix que nous ne voyons 
»> 

pas. 

o. “Dans retendue de la r^'gion visible, les difTerenecB 
entro les | ouvoirs eclairaiits des diffeuents rayons 
color^s sent h'S memos pour eux et pour nous.’* 

lie also adds, “ Puisque les lirnites dc vi.vibilit^ 
somblent etre les memes pour les animanx et pour 
nous, no troiivons-nous pas \k une raison de plus pour 
supposer que le role des milieux de Paul est tout a fait 
secondaire, et que la visibilite tient a Piinpression- 
nabilito de Pappareil nerveux lui-n)enie ? 

These generalizations would seem to rest on a very 
narrow foundation. I liave already attempted to show 
that the conclusion does not appear to hold good in the 
case of ants ; and I determined, therefore, to make some 
experiments mysidf on Dapliiiias, the results of which 
are here embodied.^ 

Professor Dewar was kind enough fo arrange for me, at 
the Iloyal Institution, a sfiectruin, which, by means of a 
mirror, was thrown on to the floor. I then placed some 

* These observations were published in the Journal of the Linnean 
lor 1881 . 
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Daplmias in a shallow wooden trough fourteen inches 
by four inches, and divided by cross partitions of glass 
into divisions, go that I could isolate fho parts illumi- 
nated by the differt ut coloured rays. Tlic two ends of 
the trough extended soinewlmt Ix^youd the visible 
gfKJctrum. I then placed fifty g[M'rimen8 of Daphnia 
ptdex in the trough, removing the glass partitions so 
that they could circulate freely from ono end of the 
trough to the other. Then, after scattering thtmi 
equally through tlio water, I exposed them to tlio 
light for ten niimites, after wliich I inserted the ghi^g 
partitions, and then counted the Daphniiis in each 
division. The ri‘sults \v(»re as follows: — 



IVrojKi 

Ncmhkk 

hi tint 
fftl and 

(»K DaI’HMAS. 
hi th(> 

grf<Mii.vli yrllow 

In th^ 

In this 

Ih-ynnd 

tlio 


the red 


and n. 

idVH'. 

Vlt;U-t 

vluUd. 

Ob«. 1 

... 0 

20 

2S 

2 

0 

0 


... 1 

21 

25 

3 

0 

0 


... 2 

21 

21 

3 

0 

0 

4 

... 1 

10 

20 

1 

0 

0 

» 5 

... 0 

20 

27 

3 

0 

0 


— 

— 

— 

— 

— 

— 


i 

101 

103 

12 

0 

0 


I may add that the blue and violet divisions were 
naturally longer than the re<l and green. 


May 25. — Tried again tin? same arrangement, but 
separating the y<dlow’, and giving the Daphuius the 


choice hetwt'cn 

red , 

yellow, 

green 

, blue, violet, 

dark : — 







Djrk- 

Vhdft. 

lUu-. 

(jin*4»n. Ytllnw. 


Exp. 1 ... 

. 0 

0 

3 

30 .5 

.3 

M 2 ... . 

. 0 

1 

2 

37 7 

3 

„ 3 ... . 

. 0 

0 

i 

31 10 

5 

„ 4 ... . 

. 0 

1 

5 

:jo h 

G 

„ 5 ... . 

. 0 

1 

4 

3.3 G 

G 


0 

3 

18 

170 30 

23 
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Of course, it must be remembered that the yellow band 
is much narrower than the green. I reckoned as yellow 
a width of three-quarters of an inch, and the width of 
the green two inches. 


Again — 

D^rk. 

violet. 

Blue. 

Gr<en 

Yellow. 

Eed. 

Exp. 1 

0 

0 

4 

30 

6 

10 

M 2 *•* ... 

0 

1 

3 

25 

8 

13 

M 

0 

0 

2 

21 

9 

15 

i 

1 

0 

3 

25 

8 

13 

« T) 

0 

1 

2 

21 

7 

16 


1 

2 

14 

128 

38 

67 

them to- 

.. 

— 


— 


— 

gether, wc get 

1 

5 

32 

298 

74 

90 


M. Paul Pert observes {loc. cit.) that in his experiments 
the I)a[)hnia8 followed exactly the brilliance of the 
liglit. It will be observed, however, that in my expe- 
riments this was not the case, as there were more 
Daphnias i!i proportion, as well as absolutely, in the 
green, although the yellow is the brightest portion of 
the spectrum. In fact, they follow the light up to a 
certain brightness; but, as will be seen presently, they 
do not like direct sunshine. 

I then arranged the trough so tlmt the yellow fell in 
the middle of one of the divisions. The result was — 

Number op DArnsixs. 

Uppftr e<lge. 

Ultnk-reii of red, Oreenieh 

and yellow, and blue and Ultra- 

lower red. lower green. blue. Violet, violet. 

..8 38 4 0 0 

.. 0 36 5 0 0 

..8 39 8 0 0 

25 113 12 0 0 

May 18. — In order to test the limits of vision at the 
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red end of the spectnim, I used the seme arrangement 
as before, placing the trough so that the extreme 
division was in the ultra-rod, and the second in tho red. 

I then placed sixty Daphnias in tho ultra-red. After 
five minutes’ exposure, I counted them. There were in 
the-^™ 

RmI UUra-rM. 

Exp. 1 54 ... .5 

„ 2 56 ... 4 

I now gave them four <livi8ioii8 to select from — (lark, 
red, ultra-red, and dark again. The numlxira were — 

Dark. Rad. Ullra-rinJ Dark. 

Exp. 1 5 47 6 2 

^2 9 41 7 3 

I then shut them off from all tlie colors excepting 
red, giving them only the option between red and 
ultra-red : — 

Red. Ulirarfd. 

Exp. I 46 4 

„ 2 47 8 

« 3 44 6 

I then left them access to a division on tho other side 
of the red, which, however, I darkened by inter{M)8ing a 
piece of wood. This enabled me bettor to compare tho 
ultra-red rays with a really dark Bj)ace : — 

Dark. Re<i. Lltra-red 

Exp. 1 4 43 3 

„ 2 8 45 2 

These observations appear to indicate that their 
limits of vision at the red end of the spectrum coincide 
approximately with ours. 

I then proceeded to examine their behaviour with 
reference to the other end of the spectrum. 

In the first place, I shut them off from all the rays 
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except the blur, violet, and ultra-violet. The result 
was as follows ; — 



Kimdeb of Dahinias. 




Ulira-vlok't. 

Violet. 

Blue. 

Dtrk. 

Exp. 1 

1 

9 

38 

2 

»i 

••• 4 

G 

3S 

2 

. 3 

0 

2 

4G 

2 


5 

17 

122 

6 

This shows that they greatly pn fer 

blue and 

violet 

darkness or 

ultra-violet. 





I afterwards gave (hem only the option of ultra-violet, 
violet, and darkness: — 


Exp. 1 



ritra-vi(»)t't 

... 8 

Vi<,ht 

48 

Dark. 

4 

„ 2 ... 

... 


... G 

48 

6 

»♦ 

... 

... 

... 12’ 

47 

1 

« 4 ... 

... 

... 

... 15 

42 

3 

t* 5 ••• 

... 

... 

... 4 

53 

3 




45 

238 

17 


They preferred the violet; but there were many 
mon‘ in the ultra-violet than in the dark. 

1 then tried ultra-violet and dark. Tlie width of the 
violet was two inches ; and 1 divided the ultra-violet 
portion again into divisions each of two inches, w'hich 
we may call ultra-violet, further ultra-violet, and still 
further ultra-violet. The re.sults were — 


Exp. 1 
o 

»» — 



Ncmher or DAriixiAS, 


Still further Kurt her 

ultra- violcl. Ultra-MoU't. 


0 G 52 
0 5 52 
0 G 50 
0 4 53 
0 4 54 


2SG 


Dark. 

2 

3 

4 
3 
2 


14 
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In this case the preference for ultra-violet over dark 
was very marked. 

May 18. — I again tried them with the ultra-violet 
rays, using three divisions — namely, further ultra-violet, 
ultra-violet, and dark. The numbers were os follows, 
viz. under the — 

Flirt her 

ultra violet. Ultra Dark. 

Exp. 1 0 :,(> A 

„ 2 a 55 2 

9 105 (> 

To my eye there was no perctptible diflVrenco be- 
tween the further ultra-violet and the ultra-violet 
portion; but slightly undiflused light reached the two 
extreme divisions. It may be asked why tlu^ still 
furtlier ultra-violet division should have Ikhui cntirtdy 
deserted, while in each case two or three Daphuias w(‘ro 
in the daik< ned one. This, I tloubt not, was duo to tln^ 
fact that, the darkened division being next to the ultra- 
violet, one or two in eacdi case straggled into it. 

Not satisfied with this, 1 tried another test. There are 
some liquids whkdi, though transparent to the rays 
we see, are quite opa(|uo to the ultra-viol(d rays. 
Bisuljdiide of earbiai, for instance, is quite eol(>url(‘Ss 
and transparent : it looks just like water, but it entirely 
cuts oft' the ultra-violet rays. If, then, we place the 
trough containing Daphnias, as I laid previously done 
my nest of ants, in the ultra-violet i)art of tlie spectrum, 
and then ])lace over one half of it a Hat Ijottle contain- 
ing waUr, and over the other half a similar bottle con- 
tiuning bisulphide of carbon, both halves will seem 
equally dark to us, but the ultra-violet rays reach one 
half of the vessel, while they are cut off from the other. 
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To our eyes both, as I say, are equally dark, and so they 
would be to the Daphuias if their limits of vision were 
the same as ours. As a matter of fact, however, the 
Daphnias all collected in the part of the trough under 
the water, and avoided that under the bisulphide of car- 
bon, showing that this, therefore, was to them darker 
than the other. I varied the experiments in several 
ways, but always with similar results. Bichromate of 
potash is also impervious to the ultra-violet rays, and 
had the same effect. 

Not satisfied with this, I tried to test it in another 
way. 

I took a cell, in which I placed a layer of five-per- 
cent. bolution of chromate of potash less than an eighth 
of an inch in depth, and which, though almost colourless 
to our eyes, completely cut off the ultra-violet rays. I 
then turned my trough at right angles, so that I could 
cover one side of the ultra-violet portion of the spectrum 
with the chromate and leave the other exposed. The 
numbers were as follows ; — 

Side of the ultra- 
violet a)Vcr©d with Side 
chrvjiuate of potajib. unt<<vired. Durk. 

Exp. 1 ... 5 ... 55 ... 0 

I now covered up the other side. 

Exp. 2 3 ... 57 ... 0 

Again covered up the same side as at first. 

Exp. 3 4 ... 5G ... 0 

Again covered up the other side. 

Exp. 4 3 ... 57 ... 0 

May 19. — I again tried the same arrangement, re- 
ducing the chromate of potash to a mere film, which, 
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however, still cut off the ultra-violet rays, I then placed 
it, as before, over one half of tlie ultra-violet portion of 
the spectrum ; and over the other half I placed a similar 
cell containing water. Bctwetm each ex[)eriment I 
reversed the position of the two cells. The nuiulHrs 
were — 


Exp. 1 


Under the ftlna of 
ciiroLUAt'O of (n>U«h. 

8 

13 ndrr th« 

viausr. 


... 

4 

r>t3 

w ^ 

... 

10 

50 

n 4 


7 

53 


Evidently, then, oven a film of chromate of potash 
exercises a very considerable influence ; and, indeed, I 
doubt not that, if a longer time had been allowed, the 
difference won hi have been even greater. 

It seems clear, therefore, that afivo-por cent, solution 
of chromate of potash only one-eighth of an inch in 
thickness, which cuts off the ultra-violet rays, though 
absolutely traus|>arent to our eyes, is by no means so to 
the Daphnias. , 

These observations seem to prove, though I differ 
with great reluctance from so eminent an authority as 
M. Paul Bert, that the limits of vision of Daphnias do 
not, at the violet end of the spectrum, coincide with 
ours, but that the Daphnia, like the ant, is affected by 
the ultra-violet rays. 

Since these observations were published, M. Merej- 
kowsky has ext)erimented on the subject, and come 
to the conclusion that the Dapliniaa are attracted 
wherever there is most light, that they are conscious 
only of the intensity of the light, and that they have no 
power of distinguishing colors. It is no doubt true 
tbatin ordinary diffused daylight the Daphnias generally 
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congregate wherever the light is strongest Their eyes 
are, however, so delicate that one would naturally expect, 
a priori^ that there would be a limit to this ; and, in 
fact, direct sunshine is somewhat too strong for their 
comfort. 

For instance, I took a porcelain trough, seven and a 
half inches long, two and a half broad, and one deep, and 
put in it some water containing fifty Dapluuas. One 
half I exposed to direct sunlight, and the other 1 shaded, 
counting the Daphnias from time to time, and trans- 


posing 
w ere as 

tho expose] 
follows: — 

and shaded halves. 

In thr Bun 

The nurnbe 

In the shade. 

At 

10 40 a.rn. ... 

... 

... 4 

40 


12 50 „ 


... 8 

42 


1.10 „ 


... 7 

43 


l.:i5 „ 


... 7 

43 

»» 

1.50 „ 


... 4 

40 


2 5 


... 

47 

V 

2 40 „ 


... 4 

40 


3.0 „ 


... 5 

45 


4.0 „ 


... 7 

43 

If 

4 30 „ 


... 4 

40 


53 447 

This seems clearly to show that they avoid the full 
sunlight. 

I believe, then, that in some of my previous experi- 
ments the yellow light was too brilliant for them ; and 
the following experiments seem to show that, when 
sufficiently diffused, they prefer yellow to white bglit. 

M. Merejko\\8ky, however, denies to the Crustacea 
any sense of color whatever, llis exj)eriments were 
made with larvm of Balanns and with a marine cope- 
pod, Dias loiiffiremis. These, if I understand him 
correctly, have given identical results. He considers 
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that they perceive all the luminous rays, and can dis- 
tinguish very slight differences of intensity ; but that 
they do not distinguish between different colors. He 
sums up his Observations as follows : — 

‘‘ II resulte de ces experiences que co qui agit sur Jes 
Crustaces, ce n’est point la qualit6 de la Jiiiniero, c^est 
exclusivement sa qiianfite. Autremeiit (lit, les Cn/s- 
taces inferieurs ont la perception de fonte onde /nmt- 
neuse et de toutes les diflorences, ineine tiC'i Irgores, dans 
son intensite ; mais ils no sont point capables de dis- 
tiiiguer la nature dos ondea, de differentes couleiirs. Ils 
distinguent tres bien Tintensite des vibrations eth<!;r^os, 
leur amplittule, mais point leur nonibre. II y a done, 
dans le mode de perceptiofi de la lurniore, nue grande 
difference entro les Crustaces inferieurs et rUomme, et 
meine entre eiix et les Fourinis; tandis quo nous 
voyons les differentes couleurs et leurs differentt^s 
intensites, h‘S (.'rustaces inferituirs no voient qu’uno 
seule coulour dans ses differentes variations d’intonsit^. 
Nous percevons des coidours comme couleurs ; ils ne 
les j)er9oient que comme lumierc/’ * 

It is by no means easy to decide such a question 
absolutely ; but the subject is of much interest, and 
acconlingly I made some further experiments, as it did 
not seem to me that those of M. Jlorejkowsky boro out 
the conclusion he has deduced from tlicm. 

Professor Dewar most kindly arrang(*d tlio apparatus 
for me again. He prepared a normal diffraction-S|)ec- 
trum, produced by a Rutherfurd grating with 17,000 
lines to the inch ; the spectrum of the first order was 
thrown on the trough. In this case the distribution of 

♦ M. C. Merojkownky, ** Lea Cruutuceg lufJricurt diatinguent'iltf 
oouleuri ? ” 
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lumiDOUB intensity has been shown to be uniform on 
each Bulo of the line having the mean wave-length, i.s. 
a little above the line D in the yellowish green of the 
spectrum. 

I then t(X)k a long shallow trough in which were 
a number of Daphnias, and placed it so that the 
centre of the trotigh was at the brightest part of 
the spectrum, a little, however, if anything, towards 
the green end. After scattering the Dajdmias equably 
I left them for five minutes, and then put a piece of 
blackened cardlx)ard over the brightest part. After 
five minutes more, there were at the green end, 410; 
in the dark, 14 ; at the red end, 76. Here the two 
ends of the trough were equally illuminated ; but 
the preference for the green over the red side was very 
marked. 

I tlien took five porcelain vessels, seven and a half 
inches long, two and a half broad, and one deep, and 
in each I put water containing fifty Daphnias. One 
half of the water I left uncovered ; the other half I 
covered respectively with an opaque porcelain plate, a 
solution of aurino (bright yellow), of chlorate of copper 
(bright green), a piece of red glass, and a piece of blue 
ghiss. Every half-hour I counted the Daphnias in 
each half of every vessel, and then transposed the 
coverings, so that the half which had been covered w^as 
left exposed, and vice versa, 1 also changed the Daph- 
nias from time to time. 

Here, then, in each case the Daphnias had a choice 
between two kinds of light. It seemed to me that this 
w^ould be a crucial test, because in every case the 
colored media act by cutting off certain rays. Thus 
the aurine owes its yellow color to the fact that it cuts 



FURTHER EXPERMEOTa 


228 


off the violet and bine rays. The light l>eneath it con- 
tains no more yellow rays than elsewhere ; bnt those 
rays produce the impression of yellow, because the 
yellow is not neutralized by the violet and blue. In 
each case, therefore, there was less light in the covered 
than in the uncovered part. 

After every five experiments I added up the numl^or 
of the Daphnias; and the following table gives twenty 
such totals, each containing the result of five observa- 
tions, making in all one hundred. 

My reason for adding one vessel in which one luilf 
had an opaque cover was to meet the objection that 
possibly the light might have l)6<m too strong for the 
Daphnias ; so that when they went under the sheltered 
part they did so, not for color, but for shade. I w'as 
not very sanguine tvs to the result of this arrangement, 
because I had expected that the preference of the 
Daphnias for liglit would overcome tlicir attacliment to 
y(dlo>v. 

The numbers were as in the following table (p. 224). 

The result was very marked. The first two columns 
show the usual preference for light. If the covered 
half had been quite dark, no doubt the difference in 
numbers would have been greater ; but a gocxl deal of 
light found its way into the covered half. Still the 
result clearly shows that the Daphnias [)referred the 
lighter half. The numbers were 2048 in the dark to 
2952 in the light; and it will be seen that the preference 
for the light was shown, though in different degrees, in 
almost every series. 

The result in the blue gives, I think, no evidence as 
to color-sense. The numbers were respectively 204(5 
against 2954, and were therefore practically the same 
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Total I 2048 2052 i S006 1904 1928 3072 2406 2594 2046 
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as in the preceding set Since, however, a certain 
quantity of light was transmittoil through tlio blue, the 
result may iudicuto a want of sensitiveness to the blue 
rays. 

In the red the numbers were 1928 as against 3072, 

As regards the yellow, the results wt re very difierent, 
the numbers l>eing, under the yellow, 309(5 ; in the 
uncovered part, 1904. IIer(% therefore, uo see a very 
distinct preference, all the more remarkable beci\uso 
the amount of light was really less than in the un- 
covered part. 

In the green the numbers were much more equal, 
namely, 2400 against 259 1. Ib^re also the love tor green 
neutralized the preference light. I do not, however, 
wish for the moment to draw any eonclusiun from these 
last ligures, though I give them for what they are worth. 
The coloured lutHlium was, I believe, somewhat too 
opaque. Witli a more tranK[>arent green, as will bo 
seen subsequently, the result would have been very 
dillerent. 

At any rate, the al>ovo observations scorned to show a 
marked preference for yellow. Still, I thought it might 
be objected that, though the Daphnias obviously pre- 
ferred the uncovered to the shaded half of the vessel, 
and the yellow to the uncovered half of the vessel, 
j)erhap8 in the former tho uncovered w^ater was rather 
too bright, and in the latter the sl)a<led part was rather 
too dark, and that after all the yellow was chosen, not 
because it was yellow, but because^ it hit off tho happy 
medium of intensity. The suggestion is very improb- 
able, because the observations were ma<le on several 
successive, and very different, days, and at very 
different hours. I also thought that the green was 

Q 
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perhaps too dark ; I took, therefore, a lighter tint, and 
rearranged my little apparatus as follows : — 

I placed (March 26) fifty Daphnias in a trough (1), 
covering over one half of it with a pale green, and 
another fifty in a trough (2) half of which was covered 
with yellow (aurine). On one side was a similar trough 
(3), one end of which was shaded by a porcelain plate; 
and on the other side a fourth trough (4), one end of 
which had a little, though but little, extra light thrown 
on it by moans of a mirror. As before, I counted the 
Daphnias from time to time, and turned the troughs 
round. All four were in a light room, but not actually 
in direct sunshine. Thus, then, in one trough I had 
half the water in somewhat green light ; in the second 
trough, half the water in yellow light; in the third, 
one half was exposed and the other somewhat darkened ; 
while the fourth, on the contrary, gave me a contrast 
with somewhat more vivid light. If, then, the 
Daphnias went under the green and yellow glass, not 
on account of the color, but for the sake of shade, 
then in trough 3 a majority of them would have gone 
under the porcelain plate. On the other hand, if the 
porcelain plate darkened the water too much, and yet 
the open water was nither too light for the Daphnias, 
then in the fourth trough they would, of course, have 
avoided the illuminated half. Tim results show that 
the third trough was unnecessary, still, I may as well 
give the figures ; the fourth proves that the Daphnias 
preferred a light somewhat brighter than the ordinary 
diffused light of the room. Of course, it does not follow 
that the eflect of color is the same as with us. 
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TstK'on 1. 1 

Taor r.u 2. 

Tkocom a. 

Taoctin 4. 


Or^n 

llfjht. 

WbliA^ 

Yellow I 

liKbt, ; 

t\ h«e 
lUOit. 

I 

DArlcenM 
h*lf. half, 

1 

lUttwi- 

ruii«Ht 

Uitif. 

UniUtt- 

hAtr. 

Blarch 27. 
12 

35 

15 

83 

17 

85 

15 

28 

22 

12,25 ... 

92 

18 

2H 

22 

87 

13 

80 

11 

12.50 ... 

27 

23 

33 

17 

80> 

11 

25 

25 

MO .. 

,33 

17 

33 

17 

88 

12 

30 

20 

2.5 .. 


21 

12 

8 

85 

15 

20 

21 


— — 


— 

— 



— 



153 

97 

109 

81 

181 

09 

115 

105 

2.25 ... 

30 

11 

:io 

H 

20 

21 

35 

15 

3.0 ... 

11 

9 

IS 

'{*> 

21 

20 

23 

27 

3.25 ... 

:!! 

19 

81 

10 

30 

H 

.35 

1.7 

5.15 ... 


15 

27 

25 

31 

19 

28 

22 

5.10 ... 

30 

20 

35 

15 

32 

IS 

27 

2.1 




— 

_ , 


— 

— 



173 

77 

118 

lni> 

H9 

101 

1 18 

102 

March 2 !?. 
7.30 ... 


17 

:;i 

hi 

.35 

15 

i 30 

20 

7.50 ... 

3»2 

1 IS 

37 

1.3 

27 

23 

!>2 

18 

H.IO ... 

3I 



17 

TJ 

21 

30 

1 20 

8.35 ... 

:;0 

1 

' :;5 

15 

i!<: 

2-1 

33 

17 

9.5 ... 

20 

i 

27 

23 

| 

17 

S5 

15 


— 



— 



- . 




101 

89 

! 

1 IflO 

81 

150 ' 

100 

100 

90 

March 2J. 
O.IO ... 

1 

3*1 

20 

i 25 ' 

1 

25 

29 

21 


IS 

9.25 ... 

30 

i 20 

* 27 

23 

35 

15 

3.0 

20 

9.10 ... 

19 


25 

25 

29 

1 21 

29 

21 

9.55 ... 

20 

i 

30 

31 

10 

37 


29 

21 

10.30 ... 

30 

1 H 

31 

10 

20 

! 30 

20 

21 


— 




— 

— . 

— 

— 



135 

’ 115 

1 115 

105 

f 

150 

f lf)0 

MO 

lOJ 

Total ... 

022 

:}78 

! 1.28 

1 

372 

il3"I 

( 3.70 

599 

101 


It may be said that porha{)H in the previous 
experiments the red and blue were too dark. I 
therefore took a very pale solution, and counted the 
number twenty times for the red and ten for the blue, 




228 


EVIDENCE THAT DAPHNIA8 


placing the yellow in another trough, os before, for 
oomparison. The preference for the yellow was as 
marked as ever. In the experiments with the red and 
yellow the numbers were respectively 


TRornti 2. 

I'fKlrT lh« lr> the Vndrrthe In Ox* 

yelltjw. uncovered half. r*fJ. ttocuvered half. 

(J70 330 408 502 

When, therefore, the red solution vas sulTiciently 
light, tho Daphnias wore indifferent to it. In the 
experiments with light blue the numbers were — 

Tkopch 1. T«oi OH a. Tjiot OH 3. 


lljwlcr 

In the 

Ttubr 

In llx» 

I’r.ibr 

In tbr* 

the 

unco\cr<?4 

Uk* 

uno»v<?re<l 

the |w>r( eloau 

UDo>vftre4 

yf'Uuw. 

halt. 

blue. 

half. 

jdatf. 

bAir. 

€87 

313 

288 

714 

330 

Cfri 


One other possiblo objoctiou also suggested itself to 
mo. I thought it might bo said that tho Daphniaa 
went under tho yellow and tho groon not on account of 
any preference for yellow or green light, but on account 
of the shelter afTonled by the covering. To test this, 
I covered one half of a trough over with transiiarent 
glass, leaving tho other uncovered ; but after twenty 
observations I found the number of Dapbnias in each 
half to be practically identical. The mere fact of the 
covering, therefore, made no difference. In this way I 
was able to test the preference of the Dapbnias for 
various colours, and the result made it abundantly clear 
that Dapbnias have tho power of distinguishing between 
light of different wave-lengths, and that they prefer 
the light which we call yellow and green. Whether it 
actually appears to them as it does to us is, of course. 
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RDotbcr &nd a moro difficult question — one, moreorer, 
not yet solved even for the higher animals. Nor would 
I necessarily claim for them any msthelic sense of 
beauty; it must be remembered that they feed on 
minute algnj and other minute vegetables, the prevalent 
colors of wliich are yellow, yellowish green, luul green. 
There is, thereforei, nothing irapK)bable, a priori, but 
rather the reverse, in their j>referonco for these colors. 

It will be observed that though in these vessels the 
Daphuias made their preference unmistakable, there 
wore always u certain number in the least popular 
part. This is natural, because, os the position of the 
light half was rev<*rsed every observation, the Daphnios 
had to swim across tho vessel, and some naturally did 
not find their way to the favourite part. Then, again, 
in any considerable numbers of J)aj)hnias some aro 
changing, or have recently changed, their skin, and 
aro, therefore, mor»» or less inactive. Moreov(*r, in pure 
water the desire for fu<jd must (dten overjmwer any 
preference for one colour over another. To such causes 
as these we mu-st, I think, attribute tho presence of so 
many Daphuias in the first ves-sel at the opaque end, and 
in the second in the uncovered part. 

Still, it was of course not imjtossiblo that tho pre- 
sence, for instance, of a certain number under tho red 
and blue was duo to a difference of taste; that, though 
the majority preferred yellow, there might bo some 
preferring blue or red. To test this I tried tho follow- 
ing experiment. I placed, as before, fifty Daphuias ia 
three of the vessels, covering one half of one with the 
yellow, of a second with blue, and the third with red, 
I then from time to time, at intervals of not less than 
half an hour, removed these which were in the uu- 
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covered part and replaced tLem with an equal number 
of fresh ones. If, then, some Dapbnias [^referred red or 
blue, I ought thus to eliminate the others, and gradually 
to get together fifty agreeing in this taste. This, how- 
ever, was iKjt the case. In the first ex{)eriment, an hour 
after the l)aplinias were placed in the vessels there 
^YO^o, out of 50, 41 under the yellow, IG under the red, 
and 15 und* r the blue, the remaining 9, 34, and 35 
resi>ecti\ely bthng in the uncovered portions. These, 
then, 1 r(!iuoveJ and replaced by others. After doing 
tliis five times, and thus adding 80 in the yellow division, 
187 in the red, and 209 in the bine, the numbers were 37 
under the yellow, 15 under the red, and G under the blue. 

In the second experiment, the numbers after the 
first hour were 32 under the yellow, 10 under the red, 
and 11 under the blue. After five observations, during 
which 80 were added to the yellow division, 188 to the 
red, and 180 to the blue, the numbers were — under the 
ytdlow, 35; red, 11 ; blue, 15. 

In the tliird experiraent, the numbers after half an 
hour were 40 under the yellow, 14 under the red, and 8 
under the blue. After five observations, during which 
73 were added to the yellow, IbG to the rod, and 20G 
to the blue, there were — under the yellow, 43 ; under 
the red, 15; and under the blue, 7. 

In the fourth experiment, the numbers after half an 
hour were 38 under the yellow, 15 under the red, and 
14 under the blue. After six observations, during 
which 89 were added to the yellow, IGG to the red, and 
176 to the blue, the nuinbom were — under the yellow, 
30; under the red, 19 ; and under the blue, 10. 

In the fifth experiment, the numbers after half an 
hour were 40 under the yellow, 14 under the red, and 
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13 under the blue. After seven observations, daring 
which 86 were added to the yellow, 263 to the red, and 
272 to the blue, the numbers wore — under the yellow, 
38; under the red, 13; and under the blue, 15. 
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At Ibo 
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„ cad 

Tliird obHf rvalion. 
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I conclude, then, that tlio presence of some of tho 
Daphnias in the red, blue, and violet is more or loss due 
to the causes above indicated, and not to any individual 
preference for tliose colors. 

My experimouts, I think, show that, while tho Daph- 
nias prefer light to darkness, there is a certain maxi- 
mum of brillianey beyond which the light becomes 
inconveniently bright to them, and that they can 
distinguish between light of different wave-lengths. 
I suppose it would be imjK)8sible to prove that they 
actually perceive colours; but to suggi st that the rays 
of various wave-lengths produce on tlicir eyes a different 
impression from that of color, is to proiKtse an entirely 
novel hypothesis. 

At any rate, I think I have shown that they do 
distinguish between rays of different wave-lengths, and 
prefer those which to our eyes appear green and yellow. 
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CHAPTER XL 

OK RECOONITION AM()N(J AKTS, 

DurtKO ilio many years that I have Inul ants nnder 
observation, I have never on any occasion seen any- 
thing like a quarrel between any two ants belonging 
to the same community. This is certainly very much 
to their credit. The experience of Huber, Forel, 
McCook, and others wlio have watched ants, is, 
moreover, tljo same as mine. I have also shown* that 
they recognize one another oven after a separation of 
a year and nine months. 

On the other hand, every community of ants is hostile 
to every other. I am not now speaking of ants belong- 
ing to difiVrent kinds, but of ants belonging to the same 
species. Some species, indeed, are more intolerant of 
strangers than others ; but, as regards most species of 
ants, it may be said that if an individual le taken from 
its own nest and introduced into another, even though 
belonging to the same species, it r ill be at once attacked 
and driven, or rather dragged, out. 

These facts, then, show that the ants of a community 
all recognize one another. But when we consider the 
immense number of ants in a nest, amounting in some 
cases to over 500,000, this is indeed a wonderful fact. 

• See “Ants, Bees, an^l Wasps.** 
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It may be remembered that my aests have enabloti 
me to keep ants under observation for lonj; priods,and 
that I have thus identified w(»rkers of Lttsius nicfer and 
Formica fusf*a which wore at least seven years ohl, but 
my oldest ants Imvo been two qinums of Formica fmea, 
which I took in a nest in l>eecmber, 1874. 4 hey must 
then have been nine months (dd, and of course may 
have U en more. One of these queens, after ailini^ 
for some days, diinl on July 3t>, 1887. She must 
then have been in(>ro than thirteen years old. I was 
at first afraid that the other one miglit be alTected by 
the deatli of lu'r companion* She is, however, still 
alive (May, 1888), and, though a little stiflT in the 
joints, as far as 1 can judge, in her usual health. 
Still, there are only a few qm ons in a nest, and no 
doubt tlio majority of the W(jrk(‘rs, at l(‘ast in tho 
summer and wlam tlio coij^munity is most active, aro 
very young, which adds greatly to the dilliculty of sup- 
posing that they arc personally known to one aiiolli(*r. 

It Inis been sugg(*Hte<l tliat vAoh ne-t has, jK*rhapSf 
a special signal or pass- word. To It st this I took, as I 
have already mentiontd in my book on Ants, Ketjs, and 
Wasps,” a number of ants, half from one nest and half 
from another, and ma<l(3 them very drunk, so as to bo 
thoroughly insensible. I then marked them with sjwts 
of different colours, so as to distinguish the two lots, 
and put them on a table near wl»ere some ants bedongiog 
to the nest from which one half of tliem had been 
taken, were feeding on some honey. The table was 
surrounded by a moat containing water to prevent tho 
ants from wandering away. The sober ants were rather 
puzzled; but, after examining the intoxicated individuals, 
they picked op tho strangers and threw them into tho 
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ditch, while they carried their own friends into the 
nest, wliere no doubt they slept off the effects of the 
spirits. This experiment seemed to show that the 
n cognition was not effected by means of any sign ; 
but I thought the suggestiou might be tested in 
another way. 

I made, therefore, tl»e following experiment. I took a 
few specimens of Formica fmca from two different nests, 
which I will call A and B, and placed them together. 
At first they were rather sl^y; but after a wliilo they 
fraternized. After they had lived amicably together 
for three months, I put tw'o of these ants^ from nest A 
into nest B; but they were soon attacked vigorously 
and driven out of the nest. I thought it desirable to 
repeat and extend this tost. Accordingly, on Juno 
1(5 I put throe specimens of F. fmca from my nest 
No. 81 with the same number from nest No. 71. Then 
on 8cj)teiuber lib one of the six having died in tho 
interval, I put the two from nest 81 into nest 71, and 
the three from nest 71 into 81. They were all attacked, 
though not very quickly or vigorously, but eventually all 
five were oxpelhd. 

Agaiin on September 25 I took tlirco ants from each 
of these nests and put the six togetlier. Then on 
March 19 following (one liaving died), I put thd 
two from 71 iuto 81, and the three from 81 into 71. 
They were all attacked, so that they were evidently 
recognized as strangers ; but it seemed to me that tho 
attack was less vigorous, and I could not be sure that 
they were either killed or driven out. In the course of 
the week three or four dead ants were brought out of 
each of the nests; but I could not feel certain that 
they were those experimented with. 
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Lastly, on. April 9 I again put twelve anta, six 
fix>m each of these nests, together, anil kept them so 
till October. I then tOi)k four of those from 71, 
put three into 81 and the fourth into 71. I also took 
four of those from 81, and put three into 71, and 
the fourtli back into 81 among her ohl friends. Tlio 
two ants thus restored respectively to their old nests 
were as usual recognized as friends and left qtiite 
unmolested. As regards tho otlier six, the results were 
as follows. Tho outs were introduotd into the nests at 
8.15 a.m. 


N.it 71. 

Ono wuH b( iii^ atUK'kfd. 

{) 15. Sntiv \Nf ro „ 

0. t.'i. Two wtro „ 

10 15. One wtkj „ 

U).*45 Kouc wiTt) „ 

ILMtO. Twowiro „ 

1.30. Twowero „ 

2 30. Ouo waa „ 


81 . 

Olio Wub attnoki'tl. 

t> M 


»» ♦» 

»» *> 

1» »> 

l» »» 

Nr -lit' WCTO „ 

»» » 


I do not give these ic.s>ilt8 as by any means proving 
that ants do not rveognizo their friends by means of 
emolL They do scoiu, liowcver, at any rate, to sIkmv that 
not even six mouths of close companiousliip under pre- 
cisely similar conditions will so far assimilate the odour 
os to lead to confusion, if tho recognition is due in any 
degree to this cause, the odour is therefore probably an 
hereditary characteristic. 

In the interesting memoir already cited, Forel says,* 
“ Lubbock {loe. cil.) a cru demontrer (|U« les i'ourrnis 
enlevees de leur nid a I’etat de nympho ct eclo.ses hors 
de chez elies etaient neanmoins recouuues par leurs 
• RteweU ZooL Suiue, 1887. 
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compagnea lorsqu'on lea lour reudait Dana mes 
Fourmis de la Sxiisse^ j'avais cm d6raontrer le contraire. 
Yoici uno exj^erionee quo faite ces jouns-ci : Le 7 
aout, jo donno dos nymphos do Formica pratensis pr^ 
d’cclore a qnelqnes Formica Banguinea dans une botto* 
9 aoiit quelqnes-unes 6closent. I/O 11 ao^lt, au 
matin, jo prends I’lme de jeunes prafemis agee do deux 
ou trois jours Bouloment et je la porte a Sii fourmilifere 
natalo dont cllc titait sortie comme nympho seulement 
4 jours auparavaut. Kilo y est fort mal refue. Sea 
nourricos dhl y a 4 jours rompoigncnt qui par la tote, 
qui par Jo thorax, qui par les pattes on reconrbant leur 
abilomon d^in air mena^‘ant. Deux d’entro elles la 
t inrent longtomps en sens inverse cluicuno par une 
patte cn recartolant, Enfin co[>endant on finit par la 
tolorer, comme on le fait aussi pour de si jeunes fourmis 
(encore blanc jaunutre) provenant do fourmilibres dif- 
lerentes. J ’attends encore deux jours pour laisser durcir 
iin pen mes nouvellos ocloses. Puis j’en reporto deux 
sur lour nid. Elios sent \iolcmment attaquees* L’uno 
d’ellos est inondee do venin, tirailleo et tmkj. L’autro 
est longtempa tirailleo et .mordiie, mais finaleinent 
laisseo tranquillo (toleree?). On m’objt ctera Todeur 
des mnguhua qui avait veou 4 jours avec la premiere 
et G jours avec les deux dornieres. A cela je repondrai 
siinploment par rexporience do la page 278 a 282 de 
mes Fourmis de la Suisse, ou des F. pratensis adultes 
separ^es depuis deux mois do leurs compagnes par une 
alliance forcdo avec des F.sanguinea, alliance que j'avais 
provoqu6o, reconnurent immediatement leurs anciennes 
compagnes et s’alliJjrent presquo sans dispute avec elles. 
Je maintiens done monopinion: les fourmis apprennent 
a so connaitre jjetit a petit a partir de leur ecloeion. 
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Je croia du reste que c’est au nioyeR do peroepliona 
ollactivoa de contact/’ • 

I have, however, reputed my previous observations, 
with the game results. 

At the beginning of August I brought in a nest of 
Lastm nigcT conhuning a large number of pupa\ 
Some of these I placed by themselves, in oharg«» of three 
ants belonging to the same 8j>ecies, but Uikvn from a 
nest I have had undor observation for rather more than 
ten years. On August 28 I took Iwtdve of the young 
ants, wdiich in the mean time had emerged from the sop- 
rated pupa), selecting some which liad almost acquired 
their full colour. Four of them I placed in tlndr old 
nest, and four in that from which their nurses were taken. 

At 4,30 in th(?ir own no»t nono were attfirkod. 

„ „ ,, in^t otio wivfl 

„ 5.0 „ own neat nono were attack»‘«l. 

„ ,, nurmV in*.*.! all four wt re iitt«ckv<l. 

„ 8.0 „ ow n n(;^t nom* wrro at larked. 

„ „ „ iiur«eii’ nent thn«j were utliirkr’d. 


The next day I took six more and marked them 
with a spot of i)aint as usual, and at 7.o0 replaced 
them in their own nest. 


At 8.0 I found 5 quite at borne ; thr^ othera I could not W‘C, but none 


ft ^-30 „ 5 

♦f f* d 

10.0 4 

..no „ T) 

H 12.0 a 

..1.0 .. 3 

- 4.0 4 

„ 7.0 „ 1 

9.0 „ 2 


were attacked. 


w 

tt 


»» 


ft 

f* 


M 

ft 


ft 

*• 


tf 

W 

n 


ft 

ft 


ff 

ft 


• “Fi/rtd. Exp. et Rtrn, crit. »ur lc» Benaation* dei 
Meeueil Z^joI. Suim.^ 1887. 
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The next mominjr I conld only Roe two, but none 
were bein;^ attacked, and there were no dead one«. It 
ia probable that the paint had been cleaned off the 
others, but it was not easy to find them all among so 
many. At any rate, none were being attacked, nor had 
any been killed. 

These observations, therefore, quite confirm those 
previously made, and scorn to show that if pupce are 
taken from a ne st, kept till they become perfect insects, 
and then replaeed in the nest, they arc recognized as 
friends. 

As regards the mode of recognition, Mr. McCook 
coDsidiUS that it is by scent, and states that if ants are 
more or less 8oak(‘d in water, they are no longer recog- 
nized by their friends, but are attacked, lie mentions 
a case in which an ant fell accidentally into some 
water: ^SSlie remained in tlie liquid several moments, 
and crept out of it. Immediately she was seized in a 
hostile manner, first by one, and then another, then by 
a third, the two antennm and one leg were thus held. 
A fourth one assaulted the middle thorax and petiole. 
The poor little bather was thus dragged helplessly to 
and fro for a long time, and was evidently ordained to 
death, rresently I took up the stniggling heap. Two 
of the assailants kept their hold, one finally dropped; 
the other I could not tear loose, and so put the pair 
back upon the tree, leaving the doomed immersionist 
to her hard fate.’* 

His attention having been called to this, he noticed 
several other cases, always with the same result I 
have not myself been able to repeat the observation 
with the same species, but with two at least of our 
native ants the results were exactly reversed. In one 
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case fire epecimeBs of Lamm nifler fell into water and 
remained immersed for three hours, I then took them 
out and put them into a bottle to recover themselves. 
The followinf^ mominp I allowed them to rotuni. 
They were received as friends, and, though wo watched 
them from 7.30 till 1.30 every hour, there was not the 
slightest sign of hostility. Tho nest was, inoreovir, 
placed in a closed box, so that if any ant were killed 
w'e could inevitiibly find tho body, and no ant died. 
In tins case, therefore, it is clear that the immersion 
did not prevent them from being recognized. Again, 
three specimens of Formica fusra dropptMl into water. 
After three hours I took thtmi out, and, after keeping 
them by themselves for tho night to recover, I put 
them back into tho nest. They won^ unquestional>ly 
received as friends, without the nliglibst sign of 
hostility or even of doubt. I do not, howc^ver, by any 
means intend to express the opinion that smell is not 
the mode by which recognition is cff(‘CtocL 

It will be remembered, perliaj>s, that njy ants (For^ 
mica ftisca) recognized one another after a separation 
of a year and nine months, though “ alter some immths* 
separation they w^ore occasionally attacked, as somo of 
the ants, j>erhaps tho young ones, did not reeognizo 
them. Still, they were never killed or driven out of 
the nest, so that evidently when a mistake was made 
it was soon discovered/' Hence it would appar that 
there are differences in tho memory of different 
species. 

In one case Forel Jm<l taken some ants from a 
large nest of Compon<ttu$, for the experiraente on 
their sensibility to the ultra-violet rays, to which I 
have already referred. After his observations 
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concluded, he returned them to the nest, some after 
eight, some after forty-one days. Those which were 
returned after eight days were at once recognized, 
while as regards those which had been forty-one days 
away from home. ‘‘On reculait de part et d autre, se 
inenafait des mandibules, s’examiuait a fond avec les 
antennes, se mordait memo. Plusieurs meme allerent 
dans leur irritation jusqu’ a essay er do decapiter et 
memo a decapiter quelques-unes de leiirs anciciines 
compagnes ot scours avec lours mandibules (c est le 
mode do combat des Camponotus) ! Les foiirmis vernies 
priront part a cos i ixes aussi bicn quo les non vernies ; 
jo les vis memo attaquer, et elles etaient a peine 
moiaa adroites. Les combats ne cesserent entierement 
qu’au bout cruu ou deux jours, et, a part les quelquea 
victiraes du premier jour, rincideut se tormina par uno 
alliance.” 

Forel seems to entertain no doubt that the recog- 
nition is eflfected by a form of smell, which he tenns 
“ odorat au contact.” He says, “ Heaucoup d’insoctes 
ont en outre une sorte d’odorat au conhict quo nous no 
jK)ssedon8 pas et qui permet entro autres aux fourmis 
do distingiier Icurs compagnes de leurs ennemies.” 

His observations, however, do not favour the hy- 
pothesis that the recognition may be by smell. If 
the ants recognized their companions by any odour 
characteristic of the community, the lapse of thirty 
days could not have made any difference. Here the 
question of memory would not enter, bcc'ause the per-» 
ceptiou of the odour would in lx)th cases be continually 
before them. M. Forel is so excellent au observer, 
and htiS so great a knowledge of the ways of ants, 
that his opinion is entitled to great weight. It 
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would be very interesting to repeat similar observations, 
for if it turn out to be tho case that separations of 
comparatively few days load, in some species, to a 
want of recognition, it would bo a strong argument 
against the hyj>othesis that this recognition is due to 
smelL 

It certainly seems as if tho recognition was effected 
to a groat extent by the onteim®. Not only do tho 
ants cross and recross them, almost, so to suy, as two 
deaf mutes conversing by their fingers ; but, as M. Forel 
bos shown, if ants of different species are brought 
together after tho removal of tlieir antennm tliey show 
no signs of hostility. That this latter statement is 
correct I am quite content to tike on M. ForoKs 
authority; but it is not so conclusive as might seem 
at first sight, because in ants, as in im n, ** a hollow- 
feeling makes us uoiulrous kind/' and ants when 
isolatcsl, and especially when suffering, are much leas 
puguiicious than th*‘y are under normal condiiious. 


u 
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CII.irTEU XII. 

ON THE INSTINCTS OF BOLITAKY WASTES AND DEES, 

The hi VO lico and the comnnni \va>[>s are go familiar 
and so iiitonsting that tliey have to a great extent 
diverted att«‘ntion from the so-i‘alIed solitary s[)€cies 
of the saim^ groups. Few, for instance, are aware that 
about 4500 species of wild l>ees are known, and of 
wasps 1100, of which some 170 and IG respectively 
live in Britain. 

These insects often live in nssoeiation, but do not 
form true commuuitit s. Sp(uiking generally, we may 
say that each female constructs a cell, every species 
liaviag its own favourite site, sometimes undergi'ound, 
sometimes in a hollow stick, in an empty snail-shell, 
or built against a wall, a stone, or the branch of a tree. 
Having comi>h tiHl her (h II, tho female stores up in it 
a sudieient sii}>i)ly of food, uhieh in the case of bees 
consists of pollen and lioney ; while the wasps select 
small animals, such as beetles, caterpillars, spiders, etc., 
each species generally having one kind of prey. The 
mother then lays an egg, after which she closes up 
the coll, and commences another. Uaving thus pro- 
vided sufSciently for her oflspring, she generally takes 
no further heed of it. This is not, however, an invari- 
able iiile: in the genus Bembex, for instance, the 
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tiiother, instead of provisioning her cell once for all, 
brings food to the young grub from day to day. 

This, however, is au exceptional case, aud the mode 
of life of Iho solitfiry wasps raises one of the most 
interesting questions in connection with instiin*!. The 
Ammophila, for instance, having built her coll, places 
in it, as food for In^r young, tho full-grown caterpillar of 
a moth, NoetKa segetum. Now, if the caterpillar wore un- 
injured, it would slinigi^lo to escape and almost inevit- 
ably destroy the egg ; nor would it permit itself to bo 
eaten. On the other hand, if it were killed, it would 
decay and soon hecomo unfit for food. The wasp, however, 
avoids both horns of this dilemma. Having found her 
prey, she pierces uith her sting the membrane between 
the head and the first segment of tho body, thus nearly 
disabling tho caterpillar, and then proceeds to inflict 
eight more wounds between tho following sogmonta; 
lastly crushing the liead, and thus comj)letedy paralyzing 
her victim, but not actually killing it; so that it lies 
helpless and mot i oil ess, but, though living, let ua 
hope insensible. M. Fubre, to whom we are indebted 
for a most interesting and entertaining scries of essays 
on this group of insects, argues that this remarkable 
instinct cxiunot have Iw^en gradually ac(purod. 

The spots Bch,M*ted are, he says, exactly those 
occupied by the ganglia. No otliers among tho in- 
numerable points which might have been chosen would 
have answered tho purjM^se; not one woiimi is mis- 
placed or without effect. M. Fubre truly observes that 
chance offers no explanation/ Moreover, ho uuhesi- 

♦ Itt the ctme of other inBOch*, such as Mutills, Chr) «iiji, . 

Anthrax, etc., which do not jjo&ttcss tho instinct of paralyzing tiiidr 
Ticiims, tho young feed on tJjo chrysalis, which is normally without 
power of mo^emout. 



244 


ORIGIN OF INSTINCTS. 


tatingly asserts that ‘^Si de son c6t6 rhym^noptire 
cxcclle dans son art, c est qu’il est fait ix)ar Texcrccr ; 
c’est qu41 est done, non seulement d outils, inais encore 
do la manifere de s’en servir. Et ce don est originel, 
parfait des lo d<5but ; lo passt^ n y a rion ajoiite, I’avcnir 
n’y ajoutera rien/’^ But bow was it acquired? M. 
Fabro cuts the Gordian knot. “ Et tout naivement je 
rao dis: Puisqu’il faut des Araign6cs am Pompiles, de 
tout temps coux-ci out poss^(le leur patiente tistuce et 
lea antrcs leur sotte au<Ia(‘e. C’est pueril, si Ton vent, 
pou conforme aiix vinoes transcondanfc? des theories a 
la mode; il n’y a la ni objectif ni subjectif, ni adapta* 
tion ni differentiation, ni attuvisme ni transformisme ; 
soit, mais du inoins je comprends/* 

‘*Je comprends!’' M. Fabre says he understands, 
and no doubt he thinks so ; but I confess that his 
explanation scorns to me to leave us just where we 
wore. To my mind, I confess, it seems to me to throw 
no light whatever on the matter. M. Fabro asserts 
that the habits of these insects have been tout 
temps” exactly whnt they are now. I pass by the fact 
that the Hymenoptera are, geologically speaking, of 
comparatively recent appearance. But is it the case 
that habits arc so invariable? Quite the reverse. The 
cases of variation are innumerable. 

Romanes t refers to a criticism of the same nature 
by Kirby and Spence. ^‘AVhy,” they ask, ‘"if instincts 
are open to modification by experience and intelligence, 
are not bees sometimes found to use mud or mortar 
instead of wax or propolis ? Show us,” they say, but 
one instance of their having substituted mud for 

• J. H. Fabre, “ Nouveaux Souvenirs Eiitomologiqiies.” 

t “ Mental Evolution in Anhiials,” 
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propolb, . , . and thoro could be no doubt of their 
having been guided by reason.” Such cases have, how- 
ever.been obeervod. Andrew Knight found that his 
bees collected some wax and turpentine with which ho 
had covered some decorticated trees, and used it instead 
of propolis, tlie manufacture of which they discontinued. 
Nay,M. Fabrc has himself placed on record some cases 
of the same kind, and shown that the instincts of those 
animals are not absolutely unalterable. Thus one 
solitary wasp, Sphx jlavipennia, which provisions its nest 
with small grasshoppers, when it returns to the cell, 
leaves the victim outside, and goes down for a moment 
to see that all is right. During her absence M. Fabro 
moved the grnsshopj>er a little. Out camo the Sphe.\, 
soon found her victim, draggeni it to the mouth of tho 
cell, and left it as before. Again and again M. Fabro 
moved tho gra'shopjier, but every time tho Sphex did 
exactly tho same thing, until M. Fabrc was tired out> 
All tho insects of tliis colony had tho sumo curious 
habit; but on trying the same ex[)erimont with a 
Sphex of tho following year, after two or three dis- 
appointments she learned wisdom by ex|»erience, and 
carried the grasshopper directly down into the coll. 

Eumenes pomiformis builds, as already mentioned, 
a cell in tho open air. If attached to a broad base, 
“ C’est un dome avec goulot central, ^vas^ on embou- 
eburo d’ume. 3Iais quand I'appui so reduit a un point, 
Bur un rameau d’arbuste par exemplc, le nid devient 
une capsule spherique, surmontoo toujours d’un goulot, 
bien entendu.” • 

Again, he has shown good reason for believing 
that, although the Tachijtes niffra generally makes ita 
• Jjoc ci/., p. 
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own bnrrow and fitores it with paralyzed prey for its 
own larvff) to feed on, yet that, w4ien thig insect finds a 
burrow already made and fitored by another Splw&x, it 
takes advantage of the prize, and becomes for the 
occasion parasitic. On which Mr. Darwin has justly 
ob.serTod that he could see no difficulty in natural 
selection making an occasional habit permanent, if of 
advantage to the species, and if the insect whoso nest 
and stored food arc thus feloniously appropriated bo 
not thus exterminated. 

The problem is certainly one of groat difficulty, and 
it is with diftid<‘nce that 1 would suggest to M. Fabre 
certain considerations wdiich may jx^rhaps throw somo 
light on it Lot us examine somo of the other solitary 
wasps, and sec whether their liabits afford us any clue. 
That an animal of prey knows wliere its victim is 
most vuln(‘rable, has not in itself anything uuusual or 
unaccountable. 

The genus Bombex kills the insects on whitdi its 
young are fed, and supplies tlie ctdl with a fresh 
victim from time to time. Eumenes, like Amuiophila 
and 8pliex, stores up the victims once for all. They 
are grievously wounded, but not altog^ tln^r paralyzed 
Here, then, wo have the very condition which M. Fabre 
considers would be fatal to the tender egg of the wasp. 
Hut not necessarily so. The wretched caterpillars lie 
in a wriggling mass at the bottom of the cell ; a clear 
space is feft above them, and from the summit of tlie 
cell the delicate egg is suspended by a fine thread, so 
that, even if touclied by a caterpillar in one of its con- 
vulsive stniggles, it would simply swing away in safety. 
When the young grub is hatched, it suspends itself to 
this thread by a silken sheath, in which it hangs head 
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downwards over its victims. Does one of them struggle ? 
quick as ligbtniug it retreats up tlie sheath out of 
^rqi's way. 

In Odynerus tho arrangement is very similar, but 
the grub simply attaches itself to tho support, and 
does not construct a tube. Moreover, while in tho 
solitary bees and wasps tho laying of the egg is generally 
the final operation before the closing of tho cell, in 
Odynerus, on tho contrary, or ut least in Odyncrut 
reni/ormis, the egg is laid Iwjforo the food is provided. 
This, perhaps, may have reference to the dilTcrent con- 
dition of tho victims. 

According to Jlarchal,* Ctreeri$ nrmia practically 
kills her victim ; moreover, she stings jt not in, but 
between, the ganglia, and though tho first sting is 
planted between tho head and thorax, tho following 
ones do not ohvays follow tho same order. 

At present the Aniinophiln 8iip[)lie8 each cell with 
one largo caterpillar; but was this always ko)' One 
species of Odynerus depo.-its in each cell no has than 
twenty-four victims, nnotlier only oiglit. Eumene» 
Atnedei regulates tho number according to llie sex ; 
ton for tho female grub, five only for tho smaller mala 
Moreover, while phytophagous Inrvo) will not gene- 
rally eot any jdaiits but those to which they are 
accustomed, it has been proved that, as a matter of 
fact, these larvaj will feed and thrive on other insects 
almost, if not quite, as well as on their natural food. 

Is it, then, impossible that in far hygono ages tho 
larvsB may have grown more rajudly, so tlmt tho 
victims had not lime to defray; or that the ancestor* 

• Marchal, ** Bur I’liistinct du Cercerh omita," Arch. d. Zoed, JSnwr, 
1887. 
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of oar present Ammopliilas may have fed their young 
from day to day with fresh food, as Bembex does evmi 
now ; that they may then have gradually brought tho 
provisions at longer intervals, choosing small and 
weak victims, and laying the egg in a special part of 
tho cell, ns Eumenes does? that during these long 
ages they may have gradually learnt the spots where 
their sling would be most eflective, and, thus saving 
themselves tho trouble of capturing a number of 
victims, have found that it involved less labour to select 
a fine fat common caterpillar, such as that of Noctua 
segetum, and so have gradually acquired their present 
habits? ^^'onde^ful doubtless they are; but, though 
I hint the suggestion with all deference, such a 
Bcqucuco does not seem to me to present any in- 
superable difficulty. 

This suggestion was made in the Contemporary 
Bevtew for 1885, and I wtvs much interested to find in 
Mr. Darwin’s life that ho had made a similar suggestion 
in a letter to M. Fabre, He refers to the groat skill 
of the Guuchos in killing cattle, and suggests that each 
youug G audio sees how the others do it, and Avith a 
very little practice learns the art. “I suppose that 
tlio sand-wasps originally merely killed their prey by 
stinging them in many places (see p. 129 of Fabre’s 
‘Souvenirs,’ and p. 241), and that to sting a certain 
segment was found by far the most successful method, 
and was inherited like the tendency of a bulldog to pin 
tho nose of a bull, or of a ferret to bite tho cerebellum. 
It would not be a very great step in advance to prick 
the ganglion of its prey only slightly, and thus to give 
its larva) fresh meat instead of only dried meat.” • 

• “ Life and Letters of Charles Darwin.” 
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Perhaps, however, it may be ashed. Why should the 
iosect change its habits ? Several reasons might be sug- 
gested. The prey first selected might be exterminated, 
or at any rate diminish in numbers, and, though each 
species as a general 'rule confines itself to one special 
victim, some exceptions have already been noticed. 
For instance, Sphex flavijwnnis habitually preys on a 
species of grasshopper, but on tho banks of the Ithone 
M. Fabre found it, on tlio contrary, attacking a field 
cricket, whether from the absence of the grasshopjwr or 
not he was unable to determine. 

Take another case. M. Fabre denies* that tho 
different species of Sphex cirn ever have been derived 
from one source. Every species now, ho observes, has 
some one victim, some one insect on whicli it preys, to 
which it restricts its<*lf, and which tho other species do 
not attack. But “ Que cliassait, je vous prie, co proto- 
type des Sphegions ? Avait il regime vario ou regime 
uniforme ? Ne pouvant decider, examinons les deux 
cas.” 

He begins by supposing that with tho ancestor of the 
Sphex, “ Le regime etait varic. J’en felicite hautemont 
ce premier no des Sphex. II ^tait dans les moillcuros 
conditions pour luisscr descendance prosphre.” Is it 
likely then, he says, that they would have limited 
themselves to one prey, and thus have foolishly 
diminished their chances in life ? “ Mais non,” he adds, 
in his lively style, “ mes beaux Hphex, vous n’avez pas 
4t4 anssi idiots que cela. 8i vous etesdc nos jours can- 
tonnes ebaeun dans un mets do famille, e’est que votro 
anc&tre ne vous a pas enseignd la variety.” 

He then discusses tho alternative whether the 


• ** Sour. Entooi., trobil'mo 
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ancestral Sphex restricted itself to one victim, and 
that ite deficendants ^‘snbdivis^^ en gronpes et oon-^ 
8titu6s enfin en autant d’especee distinctes par le ^ent 
travail des fiiecles, se sent avisos qu’en dehors du 
comestible des ancetres il y avait une foulo d autres 
aliments*” 

This, ho says, supixjscs that they experimented on 
various victims, found several of them to their liking, 
and then, after a period of varied and plentiful diet, 
voluntarily abandoned so great an advantage. 

‘‘Avoir (lecouvert, par vos essais d^age en age, la 
variiHe do ralimentation ; Tavoir pratiqn6e, au grand 
avantago de votro race, ct tinir par runifonnite, cause 
do decadence ; avoir connu rexcellent et le ropndier 
pour lo m6diocre, ‘Oh ! mes Sphex, co serait stupide si 
le transformismo avait raison. 

“J’estimo,” then lie concludes, “quo votre ancetre 
commun, votre pr(5curscur, a gouts simples on bien & 
gouts multii)los, est une pure chiinere.” 

No doubt the habits of Jlymenoptera present many 
difficulties, and have undoubtedly many surprises in 
atore for us, and I cannot think the matter is so clear 
as M. Fabro imagines, or tliat ho has exhausted the 
possible cases. It is possible, thougli it is, I admit, 
only a supposition, that the ancestral Sphex hunted 
some species which does nut now exist — ^at least not in 
the south of Fnince — and which miglit have disappeared 
gradually. As it became rarer, they might be driven 
to attack other prey, and M. Fubre has himself shown 
by a variety of most ingenious experiments that the 
larvm are by no means fastidious as to their food. The 
Hymenoptera vary considerably in size, and the larger 
individuals might be able to overmaster some large 



252 


POWBB OF DETERMIiraO BEJL 


That bees soon take to newly introduced flowers is a 
familiar case which every one must have noticed, and 
which it is surely not logical to dismiss by the conve- 
nient process of referring it to instinct.” It is indeed 
difficult for any one who watches these insects to deny 
to bees the possession of a liigher and conscious faculty. 

Ill considering the question wliether these remarkable 
instincts were originally, so to say, engrafted in the 
insect, or whether they were the result of innumerable 
repetitions of similar actions carried on by a long 
series of ancestors, wo may perliaps be aided by the 
consideration tliat, though the results would in either 
ease bo in many respects the same, there are some in 
wliioh they would altogether differ. In the former, for 
instance, we might expect that the insect would l>o so 
gifted that no slight obstacle should interfere with the 
groat end in view: in the latter, on the contrary, the 
very repetition which gave such remarkable results 
would tend to incapacitate the insect from dealing with 
any unusual conditions, 

Limitation of Instinct. 

Wo should, in fact, find side by side with these won- 
derful instincts almost equally surprising evidence of 
stupidity. Now, one species of Sphex jireys on a large 
grasshopper (Ephippigera). Having disabled her vic- 
tim, she drags it along by one of the antennae, and 
M. Fabre found that if the antennae be cut off close to 
the head, the Sphex, after trying in vain to get a grip, 
gives the matter up as a bad job, and leaves her victim 
in despair, without ever thinking of dragging it by one 
of its legs. Again, when a Sphex had provisioned her 
cell, laid her egg, and was about to close it up, M. 
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Fabre drove her away, and took ont both the Ephippi* 
gera and the egg* He then allowed the Sphex to return* 
Shetwcnt down into the empty cell, and though sho 
must have known that the grasshopper and the egg 
were no longer there, yet she proceeded calmly to stop 
up the orifice just as if nothing had hap|Hmed. 

The genus Sphex paralyzes its victims and provisions 
its cell once for all. Bembex, on the contrary, as 
already mentioned, kills the insects on which its young 
arc to feed, and, perhaps on this account, brings its 
young fresh food (mainly flies) from time to time. 
But while the Bembex thus preys on some flies, there 
are others which avenge their order. The genus 
Miltogramma lays its eggs in the cell of the Bemhex ; 
and, though there seems no reason wliy the BemlK?x, 
which is by far the stronger insect, should tolerate this 
intrusion, which, moreover, sho shows unmistakably to 
be most unpalatable, sho never mak(*8 any attack on 
her enemy. Nay, when the young of tlio Milb^gramma 
are hatched, so iur from being killed or removed, those 
entomological cuckoos are actually fed until tlu y reach 
maturity. Nevertheless, it seems contrary to etiquette 
for the fly to enter the coll of the Bembex ; she watches 
the opportunity when the latter is in the cell and is 
dragging down the victim. Then is the Miltogramma's 
opportunity; sho pounces on the victim, and almost 
instantaneously lays on it two or three eggs, which are 
then transferred, with the insect on which they are to 
feed, to the cell. 

It is remarkable how (he Bembex remembers (if one 
may use such a word) the entrance to her cell, covered 
as it is with sand, exactly to our eyes like tliat all 
round. On the other hand, M. Fabre found that if he 
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remdved the mirfaco of tlio earth and the 
expoaing the cell and the larva, the Beml)ex was quite 
at a loss, and did not even recognize her own offspeing. 
It seems as if she knew tlio door, the nursery, and the 
passage, but not her child. 

Another ingenious experiment of M. Fabre’s was 
xnado with a unison Ik^o (Chalieodcima). This genus 
constriictH an earthen cell, through which at maturity 
the young insect ( ats its way. M. Fahro found that if 
he pasted a piece of [)ap»‘r lound tli“ eell, the insect had 
no diflicult y in (*ating through it ; Init if lie enclosed the 
cell in a paper case, so tluit there was a space even of 
( nly a few lines between the eell and the paper, in that 
case the j'apor formed fui effeetnal prison. The instinct 
of the insect taught it to bite through one enclosure, 
but it hud not wit (‘nough to do so a second time. 

One of the most striking instances of stupidity 
(may I say) is mentioned by Bf. Faliie, in the case of 
one of his favourite bees, the Chalicodoma pfjrenaica. 
This species builds cells of masonry, which she fills with 
honey as she gws on, raising the rim a little, then 
making a few journeys for honey, then raising the rim 
again, and so on until the C(dl is completed* She then 
preimres a last load of mortar, brings it in her mandibles, 
lays her egg, and immediately closes up the cell; 
having doubtless provided the mortar beforehand, lest 
during her absence an enemy should destroy the egg 
or any parasitic insect sliould gain admittance. This 
l>oing 80, M. Fabro chose a cell which was all but 
finished, and during the absence of the bee ho broke 
away part of the cell-covering. Again, in some half- 
finished cells he broke away a little of the wall. In 
all tkeso cases the beo, as might bo expected, repaired 
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iha miBchief, the operati6n beiug in the natural order 
erf her work. But now cornea the curious fact In 
another series of cells M. Fabrc jnorecd a hole in the cell 
below the part where the bee was working, und through 
which the honey at once Iw^an to exude. The poor 
atupid little bee, however, never tliought of rofwiring 
the breach. She worked on as if nothing had happened. 
In her alternate journeys she brought first mortar and 
then honey, which, however, ran out again an fust as it 
was {)oured in. This experiment ho repeutovl over and 
over again with various modifn ations in detail, Imt 
always with the same result. Jt may be sngg«‘sted that 
j) 0 ssib]y the boo utis unable to stop uj) a hole once 
formed. But that eouM not liavo been the (*aso. M. 
Fabre took one of the pellets of mortar bronglit by the 
bee, and successfully stopped the liole himself. The 
omission, therefore, was due, not to a want of jM>u(‘r, 
but of intelh ct. But 3t. Fabro carried his exj eriment 
still fuii-her. Feiiiaps the Ixe had not noti(’ed the injury. 
He chose, therefore, a cell uhich was only just bi gun 
and contained very Lttle honey. In this ho made a 
comparatively largo liole. The bee returned with a 
supply of honey, and, seeming minrh surprised to find 
the hole in the bottom of the cell, (examined it carefully, 
felt it witli her antennoe, and even pnslied them through 
it. Did she then, m might naturally have lx*en oxjieet^nl, 
stop it up? Not a bit. Tlio unexjK^cted cabistropho 
transcended the range of her intellect, and slie culmly 
proceeded to jiour into this vessel of the Dauaides loo^l 
after load of honey, which of course ran out of the bottom 
as fast as she j>oured it in at the top. All the afternoon 
she laboured at this fruitless task, and Ix^gan again 
undi^:couraged the next morning. At length, when she 
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bad brought the naual complement of honey, ebe laid 
her egg, and gravely sealed up the empty oelL Jn 
another case, he made a large hole in the cell just above 
the level of the honey — ^a hole so large that through it 
he was able to see the bee lay her egg. Having done so, 
she carefully closed the top of the cell, but though she 
closely examined the hole in the side, it did not enter 
into the range of her ideas that such an accident could 
take place, and it never occurred to her to cover it up. 

Another curious point raised by these ingenious 
o.xj)eriment.s has reference to the quantity of honey. 
The cell is by no means fille<l ; a space is always left 
between the honey and the roof of the coll. The usual 
depth of the honey in a completed cell is ten milli- 
metres. But the bee is not guided by this measure- 
ment, for iu the preceding cases she sometimes closed 
the cell when the honey had a depth of only five milli- 
metres, of three, or even when the cell was almost empty. 
No ; iu some mysterious manner the bee feels when she 
has provided as much honey as her ancestress had done 
before her, and regards her work as accomplished. 
What a wonderful, but what a narrow, nature! She 
has built the cell and provided the honey, but there 
her instinct 8to{)s : if the cell is pierced, if the honey is 
removed, it does not occur to her to repair the one or 
fill up the other. M. Fabre not unnaturally asks* 
“ Avec la moiodre lueur rationnelle, I’insecte dopoeerait- 
il son oBuf Bur le tiers, sur le dixibme des vivres n^es- 
saires ; le deposerait-il dans une cellule vide ; laissereit- 
il le nourrisson sans nourriture, iucroyable aberration de 
la matemite? J’ai raconto, que le lecteur decide.” 

The family of bees is generally reckoned to be one 
of great intelligence, but these and many other similar 
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lutaaoes which might bo recorded seem to show great 
limitation of inteliigeuce. 

last me give one other, which any person may easily 
test for himself. I took a gloss shade or jar eighteen 
inches long, and with a mouth six and a half inches 
wide, taming tho closed end to the window, and put in 
a common hire bee. Bho buzzed a)H>ut for an hour, 
when, as there seemed no cliance of her getting out, 
I put her hack into the hive. Two flies, on the 
contrary, which I put in with her, got out at onco. 
Again I put another bee nnd a fly into tho sumo gloss ; 
the latter flew out at once. For half an hour the 
bee tried to get out at the closed end; I (hen turned 
the glass with its open end to the light when she flew 
out at once. To make sure, I rejwated the experiment 
once more, with the same result. 

And yet there is, no doubt, ample foundation for tho 
ordinary view whicli attributes considerable intelligence 
to the bse, within the sphere of her own operations. 

Several other ^wints of rescmblanco between 
instincts and habits could bo pointed out. As in 
repeating a well-known song, so in instincts, one action 
follows another by a sort of rhythm. If a {>er8on be 
intermpted in a song, or in repeating anything by rote, 
he is often forced to go back to recover the habitual 
train of thought; so 1’. Huber found it was with a 
caterpillar, which makes a very comjdicated hammock; 
for if he took a caterpillar which had completed its 
hammock op to, say, the sixth stage of constraction, 
and pat it into a hammock completed up only to the 
third stage, the caterpillar simjdy re-performed the 
fourth, fifth, and sixth stages of construction. “If, how- 
ever, a caterpillar were taken out of a hammock made 
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up, for instance, to the third stage, and were put into 
one finished np to the sixth stage, so that much of its 
work was alt^y done for it, (hr from feeling.* the 
benefit of this, it was much embarrassed, and, in order 
to complete its hammock, seemed forced to start from 
the third stage, where it had left off, and thus tried to 
complete the already finished work.”* 

Another very interesting series of observations which 
we owe to M. Fabro has reference to the question of 
sex, and it would really seem that the mother can 
regulate the sex of the egg at will. In many of our 
wild bees, the females are much larger than the moles. 
The male lives a life of pleasure, idle but short 
** Quinze jours do bombanco dans un magasin a miol, 
im on do sommeil sous tone, uno minute d amour an 
Boleil, puis la mort.” 

But the female ** C’est la mere, la mhre seule qui, 
|)eniblement, creuso sous terro des galeries ot des 
cellules, petrit le stuo pour enduire les logos, ma^onne 
la demeuro de ciment et de graviers, taraude le bois et 
subdivise le canal en Stages, d^coupo des rondelles de 
feuilles qui seront a8sembi6es on pots a miel, malaxe 
la resino cueillio en larraes sur les blessures des pins 
pour 6difior des voutes dans la rampe vido d’un es- 
cargot, chasso la proie, la paralyse et la traino an 
logis, cuoillo la poussi&re jK)llinique, 61abore le miel 
dans son jabot, emmagasiuo et mixtionne la pat^e. 
Oe rude labour, si imj)^rieux, si actif, dans lequel so 
dipense touto la vie de Tinsecte, exige, c’est Evident, 
uno puissance oorporelle bicn inutile au mule, I’amou- 
reux d&<BUvr6,” 

In the liive bee the drone colls differ materially in 
shape fh)m those of the queens and workers. 

♦ Darwin, “ Origin of Spocies.” 
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Id the eolitaiy wasps, where the femalee are mooh 
lai^r than the males, the mother builds a larger cell and 
prowdes more food fur the former than for the latter. 

The Chalicodoma (ono of tho mason bees) often lays 
her i^gs in old cells of tho previous year. These 
are of two sizes — large ones, originally built for the 
females, and small ones for tho males. Now, in 
utilizing old cells, tho bee always places inulo eggs in 
male cells and female eggs in female cells. If, how- 
ever, a female cell bo cut down so ns to reduce tUo 
size, then indeed tho bee deposits iu it a male egg. 

The bees belonging to tho genus Osmia* arrange 
their cells in a row in a hollow stick, or some other 
similar situation, and it has long been known that in 
these and similar cases tho cells first provisioned, and 
which are therefore furthest from tho entrance, always 
contain females, while the outer cells always cuDtuiii 
males. 

There is an obvions advantage in this, bocanso Uie 
males come out a fortnight or more before tho females, 
and it is, of course, convenient that those which have 
to come out first should bo in the cells nearest tho 
door. Tho bee does not, however, lay all the female 
eggs first, and then all the male eggs. By no means. 
She produces altogether from fifteen to thirty eggs, but 
seldom arranges them in ono row ; generally they are 
in several series, and in every ono tlio same sequence 
occurs — females farther from, and males nearest to, tbo 
door. 

For instance, one of M. Fabre’s marked bees — one, 
moreover, of exceptional fertility — occupied some glass 

* (kuda Mdentala constitute* an exception to the general role In 
fbit mpeet, as in tome oUieis. 
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tabes, which he arranged conveniently for ho*. Fron 
the let to the 10th of May she oonetmcted, in one tnbe, 
eight cells — fintt aeven female, and then one uale. 
From the 10th to the 17th, in a second tube, she bnilt 
first three female and then three male cells ; from the 
17tb to the 2oth, in a third, three female and then 
two male ; on the 26tb, in a fourth, one female ; and, 
finally, from the 2tJth to the 30th, in a fifth, two female 
and three male ; altogether twenty-five, aorenteen 
female and eight male cells. 

The advantage of tiiis is clear, hut the manner in 
which it is secured is not so obvious. It might bo 
suggested that the quantity of food was not regulated 
by the sex of the young one, but that the sex depended 
on the quantity of food. This would bo very improb- 
able, and M. Fabre attempted to disprove it by some 
very ingenious experiments, lie found that if he took 
some of the food from a female cell, the Ixhi or wasp 
produced was still a female, though a starveling; while 
if he added fuiKl to a male cell, the larva still pro- 
duced a male, though a very large and fine one. 

M. Fabre then made some of his most ingenious 
experiments, lie brought into lus room a large number 
of cocoons of Osmia. When the perfect insects were 
about to emerge, he arranged for them a number of 
glass tubes, of which the Osmios gladly availed them- 
selves, and in which they proceeded to construct their 
cells. The ususl arrangemeut, as already mentioned, 
is that the males are ]>laced nearest to, and the female 
furthest from, the dour. But M. Fubro so arranged 
the tubes that each was in two parts, an outer wider 
portion having a diameter of eight to twelve milli- 
metres, which is sufficient fur a female cell; and an 
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innar narrower portion with a diameter of fire to five 
and a half miliimetrt'a, whiob U too «ixiaU for a female, 
lai^ enoa^h for a male. This arrangement 
plac^ the Osmias in a difficulty. They could not 
follow tlieir natural instinct and construct at the end 
of the tub© colls large enough for females. 

What happened? Some of the O^imias shut off the 
narrow ends, and used only tho outer wider portion. 
Others, reluctant, as it were, to throw away a chance, 
built also in the narrow |mrt of tho tube, and under 
those circumstances, contrary to tlio oilierwtso invari* 
able rule, tho inner and iirst oonstrucUnl cedis contained 
males. 

M. Fabro concludes tlnm, and it seems to mo has 
given very strong reoMons for thinking so, that thesa 
privilogtHl insects not only know the sex of tho insect 
which will emerge from the egg they are about to lay, 
but that at thoir own will they cun actually ivmtrcd ill 
Certainly a most curious and interesting result ! 

He concludes his f harining work as follows : — *^Moi 
chfcrs insoctes, dont l etudo m a soutenu ct mntinue 4 
mo soutenir nu milieu do mes plus rudtjs epr(,nives, il 
faut iol, pour aujounrhui, so diro adieu. Autour do 
moi les rangs s’cclaircisscmt ot les longs ospoirs ont fui* 
Ponrrai-jo oocore purler do voiis ? ** and every lover of 
nature wiil^ 1 am sure, echo the wish* 
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CnAPTER xin. 

ON TUE hVVWtSEU SENSE OF DIRECTION- 

One of the moat interesting: questions connected with 
the instincts and powers of animals has referonco to the 
manner in \\hi(‘h they find their way back, after having 
been carried to a distance fromi home. This has by 
some bt‘en attribtitcd to the jH)Sses.sion of a special 
sense of dfre<'tion/* 

Mr. Darwin suggested tliat it would bo interesting 
to try (he eflect of putting animals in a circular box 
with an axle, which could bo made to revolve very 
rapidly, tirst in one direction and then in another, so 
as to destroy for a time all sense of direction in the 
ins<?cts. I have sometimes,” ho said, ‘Mmaginod that 
animals may feel in which direction they were at the 
first start can-ied.” In fact, in parts of Franco it is 
considered that if a cat is carried from one house to 
another in a bag, and the bag is whirled round and 
round, the cat loses her direction and cannot return to 
her old homo. 

On this subject M. Fabre has made some interesting 
and amusing experiments. He took tea bees belonging 
to the genus Chalicodoma, marked them on the back 
with a spot of white, and put them in a bag. He 
then carried them half a kilometre in one direction, 
stopping at a point where an old cross stands by the 
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wftyside, and whirled the bag rapidly round hia head. 
While he was doing bo a good woman came by, who 
wasdiot a little surprised to find the professor stand* 
ing in front of the old cross, solemnly whirling a bag 
round his head, and, 3f. Fabm fears, strongly suspected 
him of some Satanic pnrctioo. However this may be, 
M. Fabre, having sufficiently whirled his boos, start^ off 
back in the opposite direction, and earned his prisoners 
to a distance from their homo of three kilometres. 
Here he again whirled them round, and then let them 
go one by one. They made one or two turns round 
him, and then flew oflf in the direction of home. In the 
meanwhile his datighter Antonia was on the watch. 
The first Ix'o did the mile and threc-ejuartors in a 
quarter of an hour, f^me hours after two more re* 
turned ; tlie other seven did not n'appear. 

The next day he re{)eated this experiment with ton 
other bees. The first rotiimed in five minutes, and two 
more in alwut an hour. In this case, again, seven out 
of ton failed to find their way home. 

In another e.\iH,'riment he took forty-nine Ijoes. 
When let out, a few Bturtwl wrong, hut luj says that 
“lorsque la rapidilu du vol im; luis.se roconnaitro la 
direction suivie; ” the great majority flow homewards. 
The first arrived in fift(*en minutes. In an hotir and 
a half eleven had returned, in five hours six more, 
making seventeen out of forty-nine. Again ho ox|)eri- 
mented with twenty, of which seven found their way 
home. In the next exj»erimeiit he fis)k the Lees rather 
fniihor — to a distance of about two and a qimrter miles. 
In an hour and a half two badwetiirned, in three honn 
and a l»alf seven more ; total, nine out of forty. I.,astly, 
he took thirty bees; fifteen marked rose he took 
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a rodndaboQt route of over five miles ; the other ^tl^en 
marked blue ho sent straight to the rendezvous, abdaft 
one and a half miles from home. All the thirty WM 
let out at noon ; by five in the evening seven “ waa* 
bees and six “blue” bees had returned, so that the 
long detour had made no appreciable diffOTraoe. 
These experiments seem to M. Fabro conolosive. “ La 
demonstration,” ho says, " est sufiisaDto. Ni lea mouvo- 
ments enchovfitrtis d’une rotation commo je I’ai d^crite; ni 
I’olwtaclo do collines ii franciiir et de bois a traverser; ni 
les ombfifhesd’une voie qui s’avanee, retrograde et revient 
par un ample circuit, no peuvent trouhler les Ciiali* 
codomes dojwyi^^s et k« empf>cher de revenir an nid.” • 

I am not ashamed to confess that, charmed by M. 
Fabre’s enthusiasm, dazzled by his eloquenoo and 
ingenuity, I was at first disposecl to adopt this view. 
Calmer consideration, however, led me to doubt, and 
though M. Fabre’s observations are most ingenious, 
nn<l are very amnsingly descrilsHl, they do not carry 
conviction to my mind. There are two points specially 
to be considered — 

1. The direction taken by the bees when released. 

2. The snceoss of the bees in making good their 
return home. 

As regards the first |K)iiif, it will l )0 observed that the 
eucccssAtl bees were in the following projHjrtion, vix.: — 

3 out of 10 

4 10 
17 n 40 

7 „ 20 

0 40 

7 15 

Or ftltogclhcr 47 ^ 141 

• J. II. Fabre, “ Kooveaux Bourenirf Kntomologiqoet.** 
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XlliB M not a rerjr large proporiioii. Out of the 
iiiiale sainber no leea than ninety-seven appai to 
lM«f lert their way. May not tbo forty-seven iiavo 
fiMad theirs by sight or by anikient? Instinot, how- 
ever inferior to reason, bus the advantage of being 
generally onerring. When two out of tha«u beini went 
wrong, we way, 1 think, safely dismiss the i<ioa of 
instinct. Moreover, tho distance from homo was only 
o»e and a half to two miles. Now, bves certainly 
know the country for some distance ixmud their homo ; 
how far they gouerally forago 1 believe wo have no 
certain infurmatioo, but it seems nut itureasonable to 
suppose that if they once came within a mile of their 
Dt'si they would lind themselves within kon uf some 
familiar landmark. Now, if wo auppuso that 130 boos 
are let out two miles from home, and that they flew 
away at random, distributing themselves equally in oil 
directions, a little consideration will show that some 
twenty-five of them would fiinl themselves within a milo 
of homo, and consequently would know where they were. 
I Iwvo never myself exjteriuienfed with Clialico<iomas, 
but 1 liave ol^served that if a hivo bwj is taken to a 
distance, she bebavcs as a pigeon does under similar 
circumstances ; that is to say, she Hies round and round, 
gradually rising higher and higher and enlarging her 
circle, until I suppijse her stnuigtli fails or she comes 
within sight of some known object. Again, if the bees 
had returned by a sense of direction, they would have 
been back in a few minutes. To fiy one and a half or 
two miles would not take five minutes. One Leo out of 
the 147 did it in that time ; bt>t the others trx>k one, 
two, three, or even five hours. Surely, then, it is 
reasonable to sup^iose that these lost some time before 
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they came in eight of any object known to them. The 
second result of M. Fabre’e observatione is not open to 
these remarks. Ho observes that the great majonty 
of his Chalicodomas at once took the direction home. 
He oonfesses, however, in the sentence I have already 
quoted, that it is not always easy to follow bees with 
the eye. Admitting tho fact, however, it seems to me 
far from impossiblo that the bees knew whore they 
were ; and, nt any rale, this docs not seem so iinprohablo 
that we should be driven to admit the existence of a 
new sense, w hich we ought only to assume os a lost 
resource. 

Moreover, M. Fubre himself says, “ Ixjrsque la rapiditd 
du vol mo laisso reconnaitro la direction suivie," which 
seems to irajdy a doubt. Indeoil, some years previously 
ho had made a similar experimout with the same 
species, but taking them direct to a point rather over 
two miles (four kilometres) from the nest, and not 
whirling them round his head. I looked bock, there- 
fore, to his [rrovious work to see how these behaved, 
and I found that ho says — 

“Aussitfit libres, los Chalicorlomes fuiont, comme 
c(r«m''s, qui dans une direction, qui dons la direction 
tout oj>[)os('e. Aufant quo le perinet lour vol fougueux, 
je croifl n&mmoins rr^connaitre un prompt retour des 
abeilles lanodes a I’ojipose do lenr demoure, et la majority 
luo semblo se diriger du c6te do Thorizon ou se Irouve 
lo nid. Je laisse ce |x)int avec des doutes, que rendent 
inevitables des insectes perdus de vue a une vingtaine 
de metres de distance.” 

In this ease, then, some went in one direction, some 
in another. It certainly would be remarkable if bees 
which were taken direct missed their war, while those 
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which whirled round ntid round went ttmighi 
home. 

Moreover, it apjK‘ar^ that after all, aa a matter of fiw't, 
they did not fly atmight home. If they had don© »o they 
would have been l>aek in tlm*e or four miualea, whereas 
they took far longer. Even then, if theystartoii in tho 
right direction, it is clear that thay did not adhere 
to it. I have mya<df triinl ex|K*rimenU of the aamo 
kind with hive l^ees and ants. For instance, I put 
down some honey vn a piece of glass close to a nest 
of LamtB niger, and when tho ants werci feeding I 
placed it quietly on tho iniddlo of a board one foot 
square, and eighteen inches from tho nest. I did 
this with thirteen ants, atid marked tho |M>ints at 
which they left tho lK»rird. Five of them did so on 
tho half of the board nearest tho n(‘Bt, and eight on 
that turned away from it. I then titn(d three of 
them. They all found tho nest evontnally, but it toot 
thorn ten, twelve, and twenty minutes res[)cctively. 
Again, I took forty ants which were feeding on some 
honey, and put tin iu down on a gravel-path about fifty 
yards from the nest, and in the mi<Mlo of a square 
eighteen inches in diameter, winch I marked out on 
the path by straws. 

I prepared a corresponding g^jnaro on paj»er, and, 
having indicated by the arrow thtj diixK’tion of tho nest, 
I marked down tho s[K>t where each ant passed the 
boundary. They crossed it in all directions; and 
dividing the square into two halves, one tuwanis tlio 
nest and one away from it, the numU.*r in each were 
almost exactly the same. • 

After leaving tho square, they wandered about with 
every appearance of having lost themselves, and crossed 
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the boundary backwards and forwards in all 
Two of thru), ]io\v<iVcr, wc watched for an hour each* 
They nn^aiiderc i about, and at the c ntl of tliO time 
one \va«j about two feet from wlicro sle^ started, but 
scarcely any iu*ar(T home; the oth< r about six hot 
away, and nearly as much further from home*. I then 
took them up and. replaced tluun near the ne&t, which 
tht^y at once joyfully tuiteieJ. 

1 mentioned some of tla; fore^roin;^ fact^^ in a pajn^r 
wliich I r(‘ad at tho meetiin^^ of the lhiti''h Association 
at At)erde(‘n, and they ha\e hinc<‘ been contirmed by 
Mr. liomaiie^.* 

“In coniKH'tion/' he says, “with Sir John liubhock’s 
paper at tin* Diitish A^'Sociation, in which this 8ubj(H‘t 
is tnaitefl, it is p(*rhaps wortii while to dt-i-ribe somo 
f'Xperiments whi('h 1 made last year, d'In* qn(*stion to 
he ausw(*red is whether bees tind their way homo 
merely by their knowhMlj^t‘ of landmarks, or by means 
of soiiu' mysterious faeulty usually trnned a scuiso of 
dirt‘!‘tion. The ordinary impre^ion appears to have 
been that they do so in ^irtue of some such sense, and 
an* thi*reh)re indep<'ndont of any speei>*l knowhnl^e (»f 
tlu* district in which they may be suvhienly liberated; 
ami. as Sir John laihbock ohservt s, this impression was 
(Xirrolnmited hy the experiments (»f -M. Fubre. The 
conclusions drawn from these (‘Xperiments, however, 
a[qH’ared to me, as tlay aj»jH*are<l to Sir John, un- 
wiirninted by the facts; and thmvforc, like him, I re- 
jH^nted them witli certain variations. In the Jesuit I 
Biitisiled myself that the bet‘S depend entirely upon their 
8]H‘eial kiu'W leJjj^e of district or landmarks, and it ig 
iHK'uuse my e\j>C‘riim*nts thus fully corroborate those 

• Nature, 20, 1S86. 



MU. KOMAKEfi’ EXPEIUMENTS. 


269 


which wore made by Sir Jolui that it now occiub to me 
to pnbUnh tlu^nu 

•‘The hou85‘ whon^ 1 tlie obik^rvatimm in 

situated several Innalnd yards fi«>ni the (v>a>t, witli 
flower-pirdens tui earh sah*, aud lawns iK^tvvreri tin? 
house and the sea. I’ln refere bees startinf^ from the 
house w^mld lind their hourv on eitl^fT sitle of it» whdo 
the lawns in front would be randy or never Ni^ilrd - 
InMiinr themselves barren of honey, and loudin;:^ only to 
the Foa. Sueh bein;^ the peo^ji^raphieal eoiahtioi.s, I 
placed a hive (d' Inn s in one of the fnuit rooms on ttio 
ba^enumt af tin* homo. \\ h< n th(‘ b *eH beeamo 
tlmrou^hly \v«dl aerjuaintod wiili thoir new <jnart('rH by 
fl\in^ in and out cd‘ the o[»on window for a fortiii^rht, I 
Ix^^an the exporimonts. 'bhe aeo/as ey^- rtiinll (‘on^isted 
in <*U)8in^^ tin* window after <lark win n all tin* bees were 
in their hi\e, and also slipping' a Irian'S shutter in froiit 
of the hi\(* door, so that all tin* l>o» s wi re* <louhly im- 
prisoned. Next inoininu^ I sliirhtly rais< (1 tlie o|ass 
shutter, thus <‘imh!iii'r any de'^nod number of bees to 
eHea[H\ WInm tin* d« ^iio 1 numhi r had e.sfa[MMl, the 
ji^lasg shutt<T was aj^oin (do-^o-l, and all tlje liberatod 
lK.*e« wen* eamzht as they bn//‘ d ul»ont the insidi^ of lln* 
hIiuI window, d'hese b» ('S wa re ihon (‘ounted into a box, 
the window of tin* room <jpone(l,and a card w<‘l) smearod 
over with binllime plaeed ujioa the thrt'>hold of the 
beehive, or jn^t \n front of the (don«sl ;^da^s hhntter. 
The objiM’t of all tln*so arrani^eineiits wa-^ to (deviate the 
neeogsity of markin^r the boo'^, and fo to etiable me not 
merely to experiment Wilh ease upon any number of 
individuals that I mi;.rht di'sir«%btit also to had e<adiclent 
that no one iadividmd eduhl return to the hive nn* 
noticed. For wheue\er u bee returin.d it vviu certain 
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to It come ontanghMl iu tlio binl-linu*, and whenever I 
a lx?e ho eiitan;jrh‘d, I was certain that it was one 
vshirli I hud tuk<,'ii fnaii the hive, as there were nu(Mher 
hivt s in the* iiei;^dii>o!irlion(). 

“SiK'h tli'‘ iie tlK-d, 1 heean hy takin;::^ a se('re of 

1) enin the Ixjx out to bea» where tliere ceuld hr iv*hvnd- 
inarkB to ;^Mude tli<i in>eetH hunee Ha l juiy of tlu so 
insf (*ts i'<'turned, I should next liav(‘ talvUi an- th 'r seoro 
out to sea (alter an inteiaal el srveral daN<, ^e to ho 
Hur(* that the f!r>t let liud Kre uir* j (U inan^ iit 1 v le.st), 
and then, before ]il»eratinL'’ thtan, hive lelat d tin* hex 
in u sliie: ler a <'en-iderahh^ tiUH‘, Hi <»rder te see whetln^r 
tliis would lia\r eriilieed ihtdr s<‘n>r- of dirt elien. Hut, 
as none* of tin* hees returned af'ter tin* iii ^t e\|:ei iineiit, 
it \Siis eh‘arly lie^lh'ss te pree.M'd te th • seauid. Ac- 
cord in ;^ly, I ll}ie;ale(l tli‘‘ lieXt let el h; . eii the KJa- 
sliore, and, US none (U'the>e r«‘tunied, I ld>, ratr<] another 
let <ai tin* lauii hetweeii tln^ shore lunl the !u)U>e, I 
was seineuhat .>urj»ns<' 1 to find that in ithi-r did any (ff 
thi'se rttuni, alt!ieu;:h the di-taiu’e iVein the lawn to 
the hivt* was net ah or t Av» huiuired yar is. l.'i>tly, 1 
lih(‘iated bee> in diUVreiit juris rU' tl.e ilo’A(*r-neirdt*n, 
and these I alaa}s feun<l slnek np ui tlie hiohliine 
within a K w iiiiu’it* s of lit< ir lib. ration. Ind« ed, they 
oft ( II arrived hi leit^ I liad had line* to run from the 
jdaci* where 1 had lib :ated them to the hive. Now, 
us tin* {:ard<*u wa*' a lare:e eue, many of th' se bees ha 1 
to lly a greater dislain-e, in ooh r to reach tli * hive, 
than was the case with llnrr le.st sisters upon the lawn, 
and therefore I cmild ha\e no driibt that ilndr uniform 
sueta ss iu finding their way home so immediately was 
due to tin ir sjiecial km»wletlge of the iluw'er-gardcn, 
and not to any general t>cL4>e of direcUoin 
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may juUI that, uhile in (Germany a few weeks u^‘o, 
I tried on Feveral specits of ant tin* sanu' experimtajt'i 
os % Jidui Lubbock di>ciib.s in lii-'i papiT as having 
biM*n trie 1 by liini upon Kn^bsh spt oi* s, ami lu're also 1 
obtained identical losu’t'^; in all iM^es the ants wrrt', 
hoptdessly lost it' liberated luuio lliau a iiaulriato iUs- 
tance from their nest. 

M. Komanes’ t‘Xperim«*nt^\ tbrrofj.n', us lu' hiniMdf 
Fays, (Oitirt'ly eiMitinii llio e^pinton I Ija\«‘ Nrntuird (o 
express — that tie o* im Mill’td* at e\j<l*n<*r aniMn^- 
iiiscetrt of aiiN tiling which can jn-tly be eallc i a teen . - 
of direcli u. ’ 
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theniy rather than to deviao any language or codo of 
aignala by means of which they might eommunicato 
theijs to ua Tho former may bo more important 
from a utilitarian {H)int of view, though even this ia 
questionable, but psychological ly it is far less iuk^reat- 
ing. Under tlu^so circunislaiutvs it (nxminnl to mo 
whether some sucli system m that fpllowtsi with deaf 
mutes, and esfwiallv by Ur. llowo with I>aura llritlg- 
man, might not prove very iustructivo if adajited to the 
case of dogs, 

A very interesting account of Laura Uridgman has 
been published by Wright, compiled almost entirely from 
reports of the Perkins Institution, and tlie Miisaachusetti 
Asylum for the lilind, in which Ur. Howe, the director 
of the establishment, details thi^ history of Laum Hridg« 
man, who was deaf, dumb, and blind, almost without tho 
jiower of smell and taste, but who, nearly nloiio aimuig 
those tlms grievously afflicted, j)c>s8i*Hsed an average, if 
not more than an average, amount (»f inttdligencc, 
although, until brought umh r Ur. Howe’s skilful treat- 
ment and C4ire, h<T physical defects exclude<l her from 
all social intercourse. 

I^ura Bridgman was bom of inUdligt^nt ana rc«}>ect- 
able parents, in Hanover, New Hampshire, IJ.S., in 
December, 182ik She is said to have? l>een a sprightly, 
pretty infant, but subject to fits, and altogether very 
fragile. At two years old slio was fairly forward, ha^J 
mastered the diflerence l>etween A and H, and, indeed, 
18 said to have displayed a considerable degree of 
intelligence. She then became suddenly ill, and had 
to be kept in a darkene<i room for five months. When 
she recxivered she was bliml, deaf, and had neurly lost 
the power both of smell and taste* 

t 
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"What a mtaaticm waa hen I The darkneea aad 
giloTKM} of the tomb were around her; no iuothm‘’8 smile 
gladdened her heart, or ‘ called forth an answering 
smile;’ no father’s voice taught her to imitate hia 
sounds. To her, brothers and sisters were but forms 
of matter, which resisted her toucli, but which differed 
not from the furBiture of the house, save in warmth 
and in tho jwwer of locomotion, aud iu these respects 
not even from tho dog or cat.” 

Her mind, however, was unaffected, and tho Bcnso 
of touch remained. ” A.s soon as she was able to walk, 
Laura began to explore the room, and thou the house ; 
she became familiar with the form, density, weight, 
and heat of every article she could lay her hands on. 

“Hho followed her mother, felt her hands and anus, 
ns she was occupied about the house, and her disjiosi- 
tiou to imitate led her to rejaat everything heiiself. 
She even learnt to siov a little, aud to knit. Her 
affections, too, l)egan to expand, aud seemed to be 
lavished upon tho members of hor family with peculiar 
force. 

“Tho means of communication with her, however, 
were very limited. tSho could only be told to go to 
a place by being puslnxl, or to come to one by a sigu 
of drawing her. Patting her gently on the head 
signilitsl approbation ; on tho back, the contrary.” 

The jKiwer of communication was thus most limited, 
and her character began to suffer, when fortunately Dr. 
Howe heard of her, and in October, 1637, received her 
into tho institution. 

“ For a while she was much bewildered, till she became 
acquainted with her new locality, and somewhat familiar 
with the inmates; the attempt was made to give her 
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kiiowl«dgio of arbitrar)’ signs, by which sho could 
intorchange thoughts with others. 

“The first ex|>eriia«nl8 were made by taking the 
articles in oomtiion use, such as knives, forks, spoons, 
keys, etc., and pasting upon them labels, with their 
names embossed in raised letters. These she felt 
carefully, and soon, of course, distiuguishetl tiiat the 
orooked lines 8>p-o-o>n differed ns much from the 
crooked lines k-o-y, ns the bjkwh differed from the key 
in form. Then small detached inlMds with the saiuo 
words printed upon them were ]iut into her hands; 
she soon observed timt they wert> the snrao as those 
pasted upon the iirlicles. Hlie showed her |H'rcei>tion 
of this similarity by laying the label k-e-y ujk)U the 
key, and th(> label s-{)-o-o-n upon the spoon. 

** Hitherto, the prtMJess had l>eou mechanical, and tlio 
success about as great as that of tiMiching a very know- 
ing dog a variety of tricks. 

“The poor child sat in mute amazement, and jmtiently 
imitated everything her teacher did. Hut now her 
intellect began to aork,tlio truth flushed ujxm her, and 
she perceived that there was a way by which bIio could 
herself make a sign of anything that was in her own 
mind, and show it to another mind. At once her 
countenance lighted up with a human expression. It 
was no longer as a mere instinctive animal; it was an 
immortal spirit, eagerly wiziiig ujHm a new link of 
onion with other sjiirits. I could almost fix ufxra the 
moment when this truth dawned n[)on her mind, and 
spread its beams uj)on her countennneo ; I saw that tim 
great obstacle was overcome, and that henceforth 
nothing but patient and ^vorsevering, but plain and 
straightforward, efforts were necessary. 
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“The result, that far, ic quickly related and easiljr 
conceived ; but not so was tho process, for many weeks 
of ap{>arently unprofitable labour were 8 {>ent l^fore it 
was effected. 

“ Tho next step was to procure a set of metal t3rpc8, 
with tho different letters of tho alphabet cast separately 
on their ends ; nl*} a board, in which were square holes, 
into which she could set the types, so that the letters 
could alone be felt above the surface. 

“ Thus, on any article Iwing handed to her, as a pencil 
or watch, she would mdwt tho component letters and 
arranRe them on the boartl, and road them witli apparent 
pleasure, assuring her teacher that she understood by 
taking all the letters of tho word and putting them to 
her ear, or on the jKincil.” 

It is unnecessary, from my present ]K>mt of view, to 
carry tho narrative further, interesting as it is. I will 
only observe that even in tho case of Laura Bridgman 
the process was one of much difficulty and requiring 
great patience. For a long while it was found iin» 
possible to make her realize the use of adjectivus; sho 
could not "understand any general expression of 
quality." Again, we are told that " l>ome idea of the 
difficulty of teaching her common expreasions may be 
derived from tho fact that a lesson of two hours upon 
the words 'right’ and ‘left’ was deemed very profitable 
if she had in that time really mastered tho idea." 

Now, it seemed to roe that the ingenious method 
devised by Dr. Howe, and so eucoessfully carried 
out in the case of Laura Bridgman, might be adapted 
to the case of dogs, and I have tried this in a Wal) 
way with a black |)Oodle named Van. 
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Van and vhh Ca»m, 

I took two fiiices of rarlU>artl nl>out im inohoa by 
and oa one of tbeia priuliHl in larj^e lotU^ra tlio 

word 

F O O 1) 

leaving tlio other blank. I tiien plaml the two 
cards over two Rancers, and tu the one nnd< r the 
••food*' card jMit a little bread and milk> wliieli 
Van, after having his attention railed to the card, 
was allowed to cat. This was repeuttnl over and over 
again till ho liad laid enough. In about t^ n days ho 
began to distinguish l>etw(H»n the tuo eards. I then 
put them on the fl<K»r ami made him bring them to 
me, which he did readily enough. When ho brought 
tho plain canl 1 simply throw it back, while wheui ho 
brought the ‘^foinl** canl I gave liifu a [deco of bnmd, 
and in about a month he had pretty well learned to 
realise tho ditVerenco. 1 tluii luul some other cards 
prinb^d with the words *^out,” ‘Men/’ bone,’* ** 
and a ci*rtain number also with wonls to which 
1 did not intend him to attaeh any sigmiiicance, such 
as nought,*’ plain,’* etc. Van SfKia Icamcrl 

that bringing a Ctird was a rerpiest, and soon leamerl 
to distinguish betwwn tho plain and printe^l cards; 
it took him longer to realize the ^liffercmce between 
wonls, but he gnidnslly got to ns^ognizo stneral, such 
as “ food,” ** out/’ “ Ume,’* U*a,” etc. If ho was askr^l 
whether ho would like to go out for a walk, ho would 
joyfully fish up tho **out” car«l, clemming it Irrmi 
several others, and bring dt to me, or run with it in 
evident triumph to the door. 
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I need hardly say that the cards were not always pnt 
in the same places. They were varied quite indiscrimi- 
nately and in a great variety of positions. Nor jpould 
the dog recognir^e them by sc'ent. They were all alike, 
and all continually Imndled by us. Still, I did not trust 
to that alone, but had a number printed for each word. 
When, for iuntanec, he brought a card with on 

it, wo did not pnt down the mmo identical card, but 
another l^mring the minify word ; w h<*n he had brought 
that, a third, then a fourth, and so on. For a single 
meal, therefore, eiglit<‘cn or twenty cartls would he 
used, so that he evi<lentlY is not guided by scent. No 
ono who has seen him look <lown a row of cards and 
pick up the one lie wauled could, 1 think, doubt that 
in bringing a card ho felt that he is making a 
request, and that he could not only distinguish ono 
card from another but also asfcociate tho word and 
object. 

I used to leave a c^rd marked ** water’’ in my dress- 
ing-nxiin, tho d^xir of which vve used to |»ass in going 
to or from my sitting-rTOin. Van wiis my constant 
companion, and pasned the do r wlaui I was at home 
several times in the day, (Jenerally ho (ouk no heed 
of the card. Hundreds, or I may say thousands, of 
times ho {)ass<Hl it unnoticed. Sometimes, however, ho 
would run in, pick it up, and bring it to me, when of 
course I gave him some water, and on such occasions I 
invariably found that ho wanted to drink. 

I might also mention, in corrolx>mtion, that one 
morning he seemed unwell. A friend, being at break- 
fast with us, was anxious to see him bring his cards, and 
I therefore pressed him to <lu so. To my surprise he 
brought three dummy cards successively, one marketl 
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"ham," on© “bag," and on© “brngh." I ©aid n*- 
proochfolly, “Ob, Van! bring "food," or “tea; "on 
which be looked at me, went very slowly, and brought 
the “ tea " curd. But when I put gome t<»a down oa 
usual, he would not touch it. Generally ho greatly 
enjoyed a cop of tea, and, indeed, tiii« was the only 
time 1 ever knew him refuse it, 

A dofinito numerical statement afways sooms to m© 
clearer and more 8atisfaeb>ry than a nieru gcumrul 
assertion, I will, therefore, give the netiml particulars 
of certain days. Twelve cards wore put on the floor, 
one marked “food ’’ and one “t^ a." The others ha»l more 
or leas similar words. I may again adtl that every limo 
a card was brought, anotln>r similarly marked was put 
in its place. Van was not pressed to bring curds, but 
simply li'ft to do as In' pleased. 
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Thus out of 113 times ho brought fcHsl 80 limes, tea 
31 times, and the other 10 cards only twi<‘e. Morwiver, 
the last time ho was wrong he h: ought u card —namely, 
“door” — in which three letters out of four were the 
game ag in “ food.” 
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This ii, of conrse, only a beginnings hot it is, I 
Tontnre to think, irnggestire, and might be carried 
fnrtber, though the limited wants and aspiratiouf of 
the animal constitute a great difficulty. My wife has 
a l>eautiful and charming collie, Patience, to whom we 
much attached. This dog was often in the room 
when Van brought the ** f<XMl " card and was rewarded 
with a piece of brea^l. 8he must have seen this thou- 
aands of times, and she Ix^gged in tlio usual manner^ 
but never once did it o<*eur to her to bring a canh 
She did not touch, or, indexed, even take the slightest 
notice of them. 

I then tried the following exjK^riment : — I prepareil 
six cards aliout ten inches by three, and (‘uloared in 
pairs — two yellow, two blue, and two orang(». I put one 
card of each colour on the floor, and th<M), ludding up one 
of tlie others, cndeavouro<l to teach Van to bring mo 
the duplicate. That to say, that if the blue was 
held up, he should fetch the corresponding colour fn>m 
the floor ; if yi llow, he should fetch the yellow, and 
so on. When he brought the wr^mg card he was made 
to drop it and return for another, until lie brought the 
right one, when he was rewarded with a little focsl. 

We coutiniRHl the Itssons for nearly three months, 
but as a few days were ruisstd, we may say for ten 
weeks, and yet at the end of the timt) I cannot say that 
Van aj>peared to have the h ast idea what was expcx^tixl 
of him. It seemed a matter of pure accident which 
ciud he brought, lliere is, I bedieve, no reason to 
doubt that dogs can distinguish colours ; but as it was 
just possible that Van might Im) (\)lonr-blind, we tlien 
repeated the imme ex|>erim 0 nt, only substitiifing for the 
coloured cartls others marked lespectivtdy with onOi 
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fcwo, ftli4 thr^ dark baadt. This we continued for 
ftiM^her Ihree months, or, my, allowing for intenuisaions, 
leu ireeks ; hot, to my siirjiriso, entirely without sucetiss, 
for we altogether failed to make Van understand what 
we wanted. I was rather dis4ippoinU*il at this, as, if 
it had suceeetled, the plan wouhl have opened out many 
interesting lint^ of inquiry. Still, yi siieh ii mm om 
ought not to wish for one result more tlmn aimther, 
as, of course, the ohjtM't of all snrh exjM'riments is 
merely to elicit the truth, and our n»sult in the present 
case, though negative, is very interesting. I do not, 
however, regard it as l>y any means conclusive, and 
should be glad to see it repeato<i. If the result provtnl 
to L«o the same, it wtmld eeitairdy imply very little 
jK)wer of combining oven extremely simple ideas. 

Cak Animates coi nt ? 

I then endeavouiffd to gel 8!.)mo insight into the 
arithmetical eomlition of the dogs mind. On this 
8ubj€*ct I have Is en able to find hut little* in any of 
the standard works the int< lligem e of animals. 
Considering, hovvev< r, the very IjmiliKl jiowem of 
savage men in this rcKjMct — that no Aiistmlian 
language, for inst!in«%% contains numerals even up to 
four, DO Australian l^u'ng able to ouunt his own fingers 
even on one hand — wo cunnot 1 n 5 surprised if othcjr 
animals hav** made hut little progress. Still, it is 
curious that so little attention should have been 
directe<l to this sul)j*^*t. I^roy, who, though ho ex- 
pre«s(^s the opinion that *^the nature of (be soul of 
animals is uuirajjortant,'* ^was an excellent observer, 
mentions a ease in which a man was anxious to shoot 
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A crow. ^ To deceive thi« sn^picioim bird, tbe plAn waa 
hit upon of sending two men to the watch-house, one 
of whom passed on, while t!io other remained ; but the 
crow counted, and he[>t her distance. The nert day 
three went, and again she perceived that only two 
retirotl. In fine, it was fourul necessary to send five or 
six men to the wateli-hou^o to put her ont in her 
calculation. The crow, thinking that this number of 
men liad passed by, lost no time in returning/* From 
this he inferred tliat crows could count up to four, 
Liohtenb<}rg mentions a nsghtingalo winch was said to 
count up to thrtx^. Kvery flay he gave it three meal- 
worms, one at a time; when it had finiiihod one it 
returned for another, hut ufU^r the third it knew that 
the feiist Wirs over. I do not find that any of the recent 
works on the intelligence of animals, cither Buchner, 
or l^citz, or Uouianes in either of his books, give any 
additional eviden(‘o on this part t»f the subject. There 
are, however, various scuttered notices. 

According to iny bird-nesting recollections, which 1 
have refreshol by laoro reciMjt experience, if a nest 
contains four eggs, one may safely bo taken ; but if 
two are reinove<l, tlic bird gf uerally <!esf‘rts. Hero, then, 
it would scorn as if we had boiuo n ason for supposing 
that tliero is suflicient intelligence to distinguish thiee 
from four. 

An interesting considemtion rises also with refer- 
ence to the number of tho victims allotted to ea^di 
cell by tho solitary wasps. Ammophila considers ono 
large caterpillar of Nociua $C(jetum enough ; one species 
of Eumoues supplies its young with five victims; 
ono ten, another fifteen, aiid one even as many os 
twenty-four. The number is said to be constant in 
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How, Uie»,do€« th© iasect know when her 
tusk is fulfilled ? Not by th© cell being filled, for if 
SOU)© b© removed she does not replace thorn* When 
she has brought her complement slm eonsidert her task 
aeeompliahed, whether iho victima are still there or 
not. How, then, does ah© know when «he has made 
up th© number twenty-four ? Perhaps it will l>o «aid 
that ©acli »tH"cie8 feels auine mysteriims and Surait^ 
tendency to provide a certain numlnT of victims. 
This would not under any rircuiuHtaruu^i be an ex- 
planation, nor is it in accordance with the fa(*t». In 
the genus Eumenes tho males are much smaller 
than th© females. Now, in the hive bees, humble 
bees, wasps, and other insects where such a clifft*r- 
©no© occurs, but wh(‘ro the young are dio etly fed, it 
is, of course, obvious that tho (piarUity cari bo pro- 
portioned to tho apjKitito of tho grub. Put in iusc?ets 
with tho habits of Eumenesand Ammopliila the case is 
different, b<*i*4iU80 the ftsal is stored up onoo for alb 
Now, it is evident that if a female grub was supplied 
with only fixMl enough for a male, she wojild starve to 
death ; while if a ina!o grub were given enough for a 
female it would have tt>o much. No such waste, how- 
ever, occurs. In some myt>t4‘riou8 manner tho motlu r 
knows whether the egg will preduco a male or female 
grub, and apportions tho quantity of fcKxl accordingly, 
tihe does not change th© H|K^cies or six© of her prey j 
but if tho egg is male she supplies live, if female ton, 
victims. Hoi'S she count ? (.’ertaiuly this seems very 
like acxuumencement of arithmetic. At tho i*ama lime, 
it would b© very desirable to have additional evidenc© 
before w© can arrive at any cortaiu conclui^iorn 
Gonsideiing how much has been written on instmet, 
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It teems surprising that so little attention hm 
directed to this part of the subject. One would fancy 
that there ought to l>o no great difficulty in determining 
how far an animal can count; and whether, for in- 
stance, it could realize some very simple sum, such as 
that two and two make four. But when we come to 
consider how this is to done, the problem ceases to 
apix'ar so simple. Wo tried our dogs by putting a 
piece of bread Ixdoro them, and preventing them from 
touching it until we had counted seven. To prevent 
ourmdves fn)ni unintentionally giving any indication, 
we umamI a metronome (the instrument used for marking 
time when practising the {n’anoforte), and to make the 
beats more evident we attached a slender nxl to the 
|HmJulum. It certainly seemed as if our dogs knew 
wlien the moment of permission had arrived ; but their 
movement of taking the bread was scarcely so definite 
as to place the matter beyond a doubt Moreover, 
dogs are so very quick in seizing any indication given 
them, oven unintentionally, that, on the whole, the 
attempt was not stvtisfactory to my mind. 1 was the 
more discourugcxl fiom continuing the exjwiment in 
this manner by an account 3fr. Huggins gave me of a 
very iiitelligent dog belonging to him. A number of 
c^mis were placx'd on the ground, numbered respectively 
1, 2, 3, and soon up to 10. A question was then asked : 
the sipiaro root of 0 or Iti, or such a sum as — 3, 

Mr. Huggins pinuted consecutively to the cards, and 
the dog always barked when he C4\me to the right ona 
Now, Mr. Huggins did not consciously give the dog any 
sign, yet so quick was the dog in seizing the slightest 
indication, that ho was able to give the correct answer* 
“The mcxle of procedure is this. His master tells 



CX)NCLUS10N, 


285 


liiiii to sit doirD« and shoii's him a piece of cake. He is 
tkeo qoeslioiiecl, and barks his answers* 8ay be h 
ial(pd what is the sqaaro root of 16, or of 9; ho will 
bark foar or three times, m the ease may be. Or 
such a sum as ho will always answer correctly. 

Tho piece of cake i», of course, the iiu>ed of such 
cleverness. It must not bo supjm>sih 1 that in these 
performances any sign is consciously made by his 
questioner. None whaU»ver. \Va c^xplain tlic p(n- 
furmanco by supj)Osing that ho rttsds in his master's 
expression when ho has barked rightly; certainly ha 
never takes his eyes from his mastt^r's face,” • 

This observation s<?ems to mo of gmit interest in 
connection with the so-called 'Mhought-reading.*’ No 
one, I suppose, will imagine that tirt^rc was in this 
case any tlK>ught-rea<ling ” in the senw.^ in which 
this word is generally Evidently ^‘Kcplor*' 

seized uixrn some Flight indication uninUnrti(»milIy 
given by Mr. Huggins. Tho olij^ervation, however, 
shows tho great difliculty of the subject. 

The experiments 1 have iinuio arc, I feel, very 
incomplete, but 1 have ventured to place them cm 
record, jmrtly in hope of receiving some suggehtions, 
end partly in hope of inducing others with more 
leisure and oj>|X)rtunity to carry on similar observa- 
tions, which I cannot but think mu'^t lead to interesting 
results. 

♦ M. L. lliiggia*, ‘*K» j*kr : ft Diograi lty.** 
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Aryan Nations. New Edition. Deniy Hvo, \Gs, 
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Ke^an Pan!, Trench & Co's Pabluiitionu 

COX, Rci\ Sit u:, A/..^ t 

Tales of Ancient Gret'ce* New lUiiiuHi. Small ernwn Hvu, 6 .{. 

•A Manual of Mythology In tJie form of Question and 
Answer. Nrw luittu^n. iheap. 8 vo» }r. 

An Introduction to the Science of Conii'ara tl ve Myth- 
ology and Folk-Loro. Second C'k'W ti v>. 

COA\ Ra\ Sir G. li\, J/, J., Juirf., an { S f I in:, nr-— 

Popular Ht>niancos of Iho Miihlln Ages, liar) 
KdiUou, in I v< ], C f 4 *v^n Kvv>» (n. * 

COX, A'<rr. S'amu/f, / ./\— -A Commentary on the IhutK (d Job. 
Willi .1 Tf oi'd.uiaij. .Seci^nJ Lhlnm. UcinySvo, i ;.. 
Salvator Muiuii ; or, L ChrUt the Savioia ol all 'Itnih 

Kdiiu»n. Crown 8vo, 5*. 

The Larger Hope, A Sev^ucI to **Salv.Uur Mumh.’' .btcttui 

hhti’ h. lhu)-<. is. 

The Cent^sis of Kvll, nml olhei Sorrnons, n. unly i nj '»i?o 5 ) . 
'I'iunl 1 ’^ hSioit, Crown Kv, (> . 

Balaam, An I-x{K*}»iti<»n .'ind u ( lown Svo, 

Miriiclea. An Arj'umciit .iivl a ( Ji.rijcn^^c. ( lown Sv *, 2i. 6/. 

CR/t r/..V, Afrs. A Yoar’.s Meditations. ( j.ju n K\ o, <M. 

CA'// 117*7 7iV\ ( h;, , 2 / 7 . - I'orUigal, Old and New. ^Vs^h lllir') ; 
ti<)ns an 1 M.ij s. New aii l (. hcrtj-ci l.-hoon. ( town (x. 

CRC'/SA, Sr<:ft*u Ri.l.ifJ, .!/./>.' Thomas a Kempis. Notes (f 
a Vi'it lo the Scriu ■> tn w h lu Lih- wax spe nt. W i;]t 1 oi l i.i n ♦ 
nn l Ilhi*itrati.*riv,. iJtiu) Sv-., 12^. 

Dante: The Banrjuct {li Co.mjio). 'rnueJatt'd by KAiMArf\;. 

liiLiAKt), (Yo.snhvo. 

DARA/ES I h Thk, Life of Wm I 5 as tim Sytnhol ^ 

of Ideas, bre-wn Svo^ <>./, 

I>AV'JDSOA\ Kr. Simud. E.lK, //./>.— Canon of the Ihhio ; 

Its Formation, ihj»ti,ry, rorl Hu{:t»i4tion',. 'IJm.! to.il ! 

Kdilion. Sin-dl crmvij Sv *, 5 , 

The Doctrine of Last Things reniaineel in ihr Nrw 'JVtj. 

rr.cnt Conip.ui'-l w.tli thr N'oS.oi., nf t!,,: To .\f..!riie ntst 

of Church Crce<b, Small crown fevo, 3 >i. d. 

DA liXO.V, 6 Vi>. , sV.A. Prayers, with a Discourse? on Prayer, 
KdueJ hy hi* Wife, FiiU Sciic*. Ninth Ftlilif n. Sninll ('rou ii 
8vt», yt. 6A. 

Prayers, with a DUcouriie on Prayer. K lited by Gvj>i.u 
St. ('laik, F.G.S. Secumi Scoca.. S-i ai Crowji 8vo, jf, 67. 

Sermons on Disputed Points and Special Occasiorr;, 
Edited Ijy his Wife. F’oufth Edition. Crown Kxo, 60 
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A List of 


DA ll'S ON ^ Ct9, , M. A . — imtinutd. 

Sermons on Dally Dife and Duty. Etiitai by hU Wife. 

Fifth F^litiun. SuiaU Crottn 8vu, ys. 6*/. 

The Authentic Gospel, and other Sermons. Edited by 
(iKOKtiE St. Ci-AIK, F.G.S. Third Edition. Crown 8vo, 6/. 

Every-elay Counsels. Edited by Georg* St. Clair, F.G.S. 
Clown Kvo, 6s. 

Biographical Lectures. Iulitc<l by Georg* St. Clai*, F.G.S 
Third K^hfion. *l.arj^c crown 8vo, Ji. 6 J. 

Shakespeare, and oilier Lectures. I'diicd by Gkorgk St. 

(. LAIR, I'.G.S. Iairj;c crown 8 vn, 7 /. 6J. 

l)E ‘/OXCOUE 7 \ AfiUame J/ar/>.— Wholesome Cookery. Fourth 
IMition. Clown 8\o, cloth, is. 6 J; paper coven, I/. 

JO' \ 7 \ //. C. — A Year in Brazil. Wnh Notes on Religion, Meteor* 
<‘J>'gy, Smutul IlUtoiy, etc. Mapv and Illustrations. Demy 

8 VO, i8jr. 

/>( >nVO' .V, /'(/u'iuJ, If P. Shnkspere : a Critical Study of his 
Miad .ind Aft. l.ighih Eihium. i’osl 8vo, 12<. 

Studies in Literature, 1789-1S77. Fourth Edition. Large 

jK>St 8vo, (m. 

Transcripts and Studies, l^rgc S\a. lir. 

Dale© Domum. Ecap. 8vo, 50 

DU MOXC fU., CVww/. -The Telephone, the Microphone, and 
the Ptionograph. With 74 Iliustrauuns. Thud Edition. 

.‘Mii.ill Clown vS\v), 5r. ' 

DUi\\\\ If. Pfny. - Infant Health. The Physiology and Hygiene 
of K.uly Life. Cr^>wn S.u. ys. 6</. 

IXJKI Y, IT/vo.- History of Rome and tlio Roman People. 

Kdiio! by Pn<{, Maiiah-'y. With lu.iriy 30UO llhL‘»traUonji. 410. 
6 vols. in 12 [U11.V, yw. e.uh ^^d. 

Education Library. Kthteil by Sir pHiLir* Magnus 

An Intnuluction to the History of Educational 
Tlieorics. P.y C' \K BkowNtX't, M..\. Second Edition. 

ji. ( 

Old Greek Education. By the Rev. ICof. MAiurrv, M,A. 
Second Eduion, ^jr. Ur. 

School Management. Including a general view of the w<»rk 
of Education, (Jrg.4nuahou and Discipline. ByJoSKru LanT'-oN. 
Sixth Edition. Us, 

HD A A A'D/tS^ Maji>r.G<neral Str Ilcthert B . — MemoriAlS of hi* 
Life and L.etteni. By his Wife. With Fortriui and lllusiim* 
tions. a vols. Demy 8vo, 361. 
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Ke^an Patti Trench & Gks Pni /ha^i^ns. 


ELSDAl.Et Studies in Tennyson** Idylls. Crown Svo, y. 

Eighteenth Century Essays. Sclecteil *ncl Edited l*y At sum 
IX> liS0N. Cheap Eililion. Cloth i/. 6«/. 

Emersoti** (Ralph Waldo) Life. ItyOiivKR Wunuem. Iho m?:s, 

En^jlijh Copyright E<ljiion. With ri>rti.iii. Crown 8\<s in. 

Five o'clock Tea. Containing Receipt* for (‘ake*, Sawury Sand 
wichci, etc. Fcap. Svo, doth, ir. O/. ; paj tr covert, i<. 

f IJNA\ /). /V^e.-^lreland : It* Health-Hewirts and Water- 
ing-Places. With Fronlifcpirce an<4 Map*. 1 kiny Svo, ii;r, 

Forbes, Blsliop: A Memoir. Hy the lUv, Ponau> J. Mvis;ay. 

With rurtrail and Map. Cr<jwn >, 7^. (>•{. 

FOKDYCE^ 7.— The Now Social Order*. Cr-mn 8vo, 3^. 6,/. 

/■07'JiEK/XGI/AM,Jdmn.-~-^iixah^% In the Poetry of Hubeit 
Browning, Second I dns Hi, (■|.n\n 8 %^', Oj. 

Franklin (Benjamin) an a M.m of Loltera. by J. 1 !. M . 
Maaikr. Crown 8 n< , 51. 

/ h'FlVEX, MORE /\CV.-~The ICconondc C; Wis. .p. U. 

From World to Cloister; or, My Novitiate, l!y Ueknuu*. 
Crown S\o, 5 /, 

CAR/>/X/-A\ Sar;ur: A\, cinJ J FJSS d// / / /,\'o7 A‘. d/d. - 
Intr(#ducllon to the Study of English Hislory. Second 
Kdilton. crown Svo, rjir. 

(ienesis In Advance of PresiMU Science. A Cnficil It iPstigah' 
of Chapter* Jly a Srptuagcitatun Cent Ik cd lVc*l»yt<"f. 

I )ciny hvo, lot. (hi, 

67: C-V //fwn'. — Progre’iH and Poverty : An In-'pihy inl<t the 
( auecs of Induntrnd Ihyu s}'*t s .ot I <»t li.. > ^f \Vat'( w-tdi 
Iirrtave of WValth. '1 J.f' R^Miudy, I ihh I.i’ f.uy 1 
I'nct hvo, 7r, (h/. < ahii r; lvlttt«)n. < onen hvn, 2 . 0*/. Aha/ a 

( heaj’i C:tnp Cioth, l.f. i>J ; prtprr Cnvci I<. 

Protection, f)r Free Trade. An 1 xaniirnuion nf tJtr Tartd 

SHJ(S!)un, Wi'h C'-pctml rr^pud to the Iii1fir\{sol S<Ma.'l 

Ldi'r^n. h\(», 5 , 

Si^'Cial Problems, l uurth Th. aoi.ind, {.’town 8vo, 5?. ( heap 

Lduion, p:iper « ovi r'l, If. ; <’ ah ir, C/. 

C///f7:A'/', A/fi --Autobiography, and other MernorialJi. 

F'htcd hy JujIah CiUiLki. li/th Fdaion. Cfi/wn hvo, 
7r. 

CILLM0RI\ Pnflfr. — T>aiyti and Nights by the Desert. lllu&- 
Uaied. Pcfny h\o, lor. (a/. 

CLAXV/ 1 L, 7 ^ --Scepsis ^lentlflra ; or, (.Urnkti Ignorance, 
the to Science; in an K*!.vay <d the \wnity of Doipfjalixtng 
and Conhient Opinion. Ehicd, with Ititrcxluctory fc»*tay, l/y 
Jon.N Qw s.v. Eucrir 8vo, printed on Hand nm<lc pa; cr, 6i. 
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yl List of 


CLASS, //. /f.— The Story of the Psalters. A Ihaory of lite 

Metrical Vcistujus (luin 1549 to 1^5 Crown Svo, y. 

Glossary of Terms and Phrases- Edjtal by the Rev. H. Percy 
S viirtt an 4 others. Second and Chc.ijH;r Eilition. Mcdiuna 
Svo, 7;. 6./. 

CLOVES, M.A, — Exempla Latina, A Fuist Consiruin^t Ihw>k» 

With Short NotC'., Ixxnon, and ,nn Intnxluction to the Aiulysis 
of Sentenci■^. Setond ICduiun. I caj). 8vo, 2 j. 

COODEXOVC/f, J, G . — Memoir of, witli Extracts from 

his Letters and j(»urnaK. Klikd by h.'>\V»ivw. With Slctl 
Engraved Portiait. 'I bird L<hlit 11. t'lov.nhvo, 5/. 

COSl>OX, -(Wtutai C. C 'His Journals at Kartoum, 

l’imt(,d rnuK tin* « ri.onal MS. Wjtli Intf'xlurh' >11 :t:iJ Xot»^ by 
A. I'h.MoNr Hake. Puriiait, 2 Nta}'>, ai.d 30 lilustialions, 
'I'wo vols,, demy hvo, 2ir. Als^) a Chcaji Ldiiioa in 1 vol., 6f. 

Gordon’s (General) Last Journal. A Farslnnlc of the last 
Journal rn rived m Kut’lu.d fjoju (ii.sruAK (b'kOoN, Kepio- 
dured by l’h‘;t>- hth- 'gra;>hy. Irnj'erial 4to, y. 

Events in his Life. From the Day of bis Ihrfh to the Day of 
hi^ Death, hy Sir H. W. (jOKiK)N. With Ma}>i» aiid lUu^- 
trations. Second Kdilion. Demy hvo, 7;, (yt. 

COSSE, /dV//i^W. --Seventeenth Century Studies. A Contn 

billion to the Hntviry of Ln^lish Pendry. Demy 8vo, loc (ki. 

C0VLJ\ Sa\ S. Earing, J/.,'!. -Germany, Pres<‘nt and Past. 

New and Cheaper F.^lition. Lnri;c crown Svo, yr, 6-f, 

TliO Vicar of Morwenstovv. A Life of Robert Stejihen 
liavvkcf, Cr"wn 8\<», 5>. 

COIVAX, J/c/er lidlii-r E.- A. IvaiiofT’s Russian Grammar. 
(l6lh Fdiliun.) I'randUt l, rnlat|;ed, and uiian*;rd h r UhC of 
Stuilcnlh of the Kus^Jaa l..:o,i^;Uui;c. Demy 8vo, 6;. 

G01VEA\ My Heni{niscence.s, MtMAitna' IbarioN, 

jiiiulcl on h.tml m.vle paper, liinji parchment anitttue, lu;. 0./. 

Brlc-a-Brac. Itein^ Svane Photoprints ilhj&tr.uing art objt tts at 
(lower laxige, Windsor. With dcsciiplions. Super r >) d 8\o. 
ly, ; extra binding;, 21/. 

Last Days of Mary Antoinette, An Hintorical Sketch. 
With Portrait and Faciviniilei. Feap, 4to, ivOj. G/. 

l<Iotas of a Tour from Brindisi to Yokohama, 1883- 
18B4. Fcap. Svo, 2s. (sJ, 

GEAI/AM, IViiliam, J/.yf.—The Creed of Science, Religious, Moral, 
and Social Second Edition, Revised. Crown 8vo, 6 j. 

The Social Problem, in Its Economic, Moral, and 
Political Aspects. Demy Svo, ly. 



Kegan Paul^ 'fnfhfi & CWs a 


(;aVJ//^;)', AVt'. //. .V-./.- Tromadoc ScrmonJi, clUofly on 

thf‘ Spiritual Body, the UriMwa WurUI, and Uu* 

^ Divino Hujnaiuty. l*\wrdi lUlitiim. Lrv.wn hv\>, 6f. 

The Temple of Humanity, and uiha Sermons, (down h'vo, 

hs, 

- The Larger Life, Studies in Hinlon‘8 
EthlCH, Ciounhvo, 5. 

liAECKEl,, Pfc/. Ern)f.- The Hi.slt^ry t)f Crealitni. Tinnvhiti<sn 
rt'\i«*etl 1 >)' '-'«r l‘. Kav h\VKt‘ 4 i t r, M.A,, K.k.S. W'iih 
L'douf'd I’l'-ti-. r.ii ! ( i««,u .U' v;u :il T'.ri >. '4 dh* vuioiji 
o( Iwi’h riarits iiml Ainn'al''. 2 vi/l\. 'Ihiid hosimn. IV^nI 
8 \<*, 32 ;. 

The History of thn Kvtdntion of Man* Wnh nuuKiuio 
IUa^trai!»^n^. 2 \oi^. <Svo, j^zj, 

A Visit to Ceylon. I'dsI Hv<>, 71. o/. 

Freed(nn In Science and Tearlilng. With .1 N(»!e 

1 y r. II. I Ii. \} r Y, K. K.I^. ( r v. n Sm-, 

IIALCkKMPL^ y. 7. Cospel Difriciillies dim to a Disjilaced 
Section of St. Luke, .Sreond 1 dm >ii. ( lovm Svn, in. 

Hamilton, Menndrs of Arliiur, B.A., ui dm.n) Cam- 

hndf;( . Crown .% 0\ 

liandb(Kik of Horne Hale, i>4ine Artlih oti the hidi (hv eoon hv 
\’;ojnus Wntfis. l.ditr<l i»y J\MJn M.l'. Su“'>nd 

Ivhlion. Cfoaij 8v.>, u. vt vnd, or ij. r*./, (h.ih, 

IIAWIJA. h'a'. IL A'., d/..7, -Current Coin. M..!«:o.d'on ’}!(•' 
J )<*v il — ( run* — I Jrunkf.nne''. . -r.uijKrean hnoaiuii -Ktcic.Oiu 
— The Sal’Ioth. I ilth Lditem. Cruan Jiso, 50 

Arr<rws in the Air. Fifdi LdiiiMn. Crown 8vo, 5/, 

.Speech in Season. Fifth Fdition. (down 8vo, 5^. 

Tiioughts for tire Times. Femitccntii Ftlition. Cdown Kvo, 50 

Unsectarian Family Prayerii. Fnw Lliiion. Icajo hw-, 

u. U. 

IIAWiliUKSE^ Natham£!, — Works, (*omjdcle in Twthe Wdunusk. 
'.rge 7/. 6*/. ca^di vedutne. 

IlEA'IH.hfatuii — Autumnal JLeaves. Thiol aniithwj/cr 

Eduion. Lari'/,' cr*ewn 8vi>, 6r. 

Sylvan Winter. Wnh 70 IlluvtraLiionjt. 1 ir^-wn Kvo, rp. 

HE I VEX If A IX, Kudelfh , M / ^ - H y jm ot i sm , or A td rn a I M a g " 
netlsm. Wnh i rtfacc py G. J. KoMANrj*. Secorni l.dinon. 
Small crown 8 vo, 20 W. 

flLX'IOX, and Letters. Web .'ui IriU^wlu Uen by Sir W, 

\V. (li'M,, llatl., and I'ofU.iil cngirntd on Skcl by C. ll, Jcnif. 

1 illh FTliUon. Crown S>o, Sn W. 
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A List of 


I/1XT0»\\ J* — {(miinutd. 

PlUlosophy and Religion. Selections from the Manu ciij of 
the late James Hinton. Kduetl by CakoliNE Hai> 1>0.'^.^ beconJ 
Edition. Crown 8vo, 5/. 

The Law Breaker, and The Coming of the Law. 
Ediieil by Maroaket Hinton. Crown 8vo, 6/, 

The Mystery of Pain. New Edition. Ecap. Svo, U, 

ilorner’si Iliad. Gr^vL-k text, with a Translation by J. G. CORDIRY, 
2 vuls. Demy Svo, 24 r. 

//DD/Vi'A', -Litllo Dinner}*: How U> Serve them with 

Kleganc-e and ICconoray. 'iwrnticth Edition. Croi»n 
8vo, 2;. Ik/. 

Cookery for Invalids, Persons of Delicate Digestion, 
an<l Children. I ihli Edition. Cr osn 8vo, 2;. (xi, 

Every*-<lay M(m1h. Ikin^ Ikonomical and Wholesome Recipes 
(nf Em iKho!, Lmn licon, and Snp}<*r, Seventh Edition. Crown 
Svo, Zi. (ni. 

//(V’AV.'v.v, /'(./, e. Work amongst Working Men. Sixth 
Editii-n. (Town S\'>, 3/, 6</. 

HOKX I PA /r. /'.--Two Years In a Jungle. Wj:h lllastrnlinn.5. 

I tfiny Svo, 2 1 n 

liOsriTAI.U'J\ , 'The Modern A pplicatiuns of Electricity. 
Tr.uislated .and I idar^pd by jtin.'j .Mah R, I’h.D. 2 \ul^ 
SetHiul IMitr'ii, Rtvsed, with many addilionii and nunieious 
I Demy S\>>, 251. 

//Dir.M'/C ATTe/, J/../. Tlici Chnrcli of England and other 
HellgUms Cotnni unions. .\ tonr-c ot iarttures dclivcicd in 
the I’aiish t hur. h of ( Liph.-.m. t’r^ wn Svo, 7;. 6</. 

How to Make a Stiint; or, The I'om .s of CantmiriUlon in ilic 
( liuieh of England. Ey ‘'THt' Ekfo.'' l'(.ap Svo, y. tJ. 

//)\VJKUAA\ II, JA The Historical Basis of Socialism in 
England, Eurge crown Snv>, S.n W. 

IPPE'<I EKfll, /.:r/ e/.— Tim Pleasures, Dangers, and Uses 
ot Desultory Reading, leap. Svo, m Whatman e.'ijk'j 
cover, I/. 

/.!/ 7/P^A‘X, lAtnjrJ A.— Among the Indians of Guiana, 
llcing Sketcle. s, chu dy .inthroi*uh.»giv, ff'*m the Intermr of Unli^b 
Guiana, W uh 53 Illu>!Tatiuns and a Map. Dciuy Svo, l8;. 

lEora : A Mystery. Crown Svo, 6gf. 

Jaunt In a Junk ; A Ten Days* Cruise in Indian Seas. Lar£c crown 
Svo, y, 61/. 

7£AA7.\.v, A,. EAVMOXD, 7 .— The Architect’s Legal 
Handbook. Third Elition, revised. Crown Svo, 6/. 



Kiffan Paul, Treuch £** tV/i Phl^L^\iUi*us, » \ 


JSXKIX‘^, AW. Citti Pt i\\ r, iler,ti<lry : En^H5f) *Hi«) l of« ' . 

^Vlth a i'f Urr.iUijC 'IVnin nuti 150 llhi !;,.',; > 

SiiuU u (ik/. 

Jcn>ni|^» St*, Life* Ky M. J. NIakhn. L.‘,;c 6;. 

yOLl, L.—h Consura Manual ai>»l Shipuwner’ji and Slu;*- 
ina»tci‘\ Piacucal iiuitk-* in their Transartion^ 
Ahro.uJ. \\ ith 1 >olia.l uf Nautua!, Mt Krmtilr, an<! I 
Trrniv : a I'f Mrrk.ui'jlr ;m rt»;;ir^!}, Ffrt^ J , 

(irrnnn, It.iluai, Sp-un-h: ‘1 ;t' K uf \ti<acy, \Vri;:hl . 
ami of the riituijal t ’(»rani*^ < atjvl ilinr 

r-jitiv-ilonts ui Sl.miar.U; An 4 (•( utai 

Notaiul AtU. l>t„niyJS\o* i.’a 

JO/IXSl'OX, //, //., /'W- The Kllima-njaro ExpodUlt.n. 
A ICcconl <*f Si'iuu»ijc Kjij’ilni.ui 'ti ui 1 .i-ucin Ikju.uon^d Alta.i, 
ami a‘(irurral Uesaiphon o( tiw Natural lltstiuv, 1 .aiH^ua^rs, 
ftru! < \'ij5uu:ic<* uf the Ktlim.i ujaio IhvtriiJ. NVjth 0 atul 

(Acr 80 Iliuitrat joii . i-y tlir Au!h''f. Hcruy 8vo, 2 If. 

jOKDAX. /uffi,\ 7 Nr^ /'.A\('.\. - Anatomy and Pit y^loh-^ y m 
Character. Cr-oAu S'o*. 5 . 

KAUfMAXX, AW. . 1 /., . 1 /.;. Socialism: * . k * 

ati'l itiv Kmnc'lc s c-'r. u l- 'sl. < » »\mi So', 7 . (o, 

Utoj'naB*, <‘r, h»“.nf> <■( Sam*! It> juvtst ii.< j.', Im -t S*i ’1 Imm; 

More lo Karl ^vo, 5». 

Chri.stlan Socialism, t'cnsn .Svo, 4?. A/. 

XA }\ /'.A'.G.S. — Edneatiou ami Eflucator.**. Crov^i Svo, 

7/. 6^/. 

Memory : \v ii.it it In and liow to lm}a<ive It. Crt.^ji 
SvA, fa. 

A'.n; Free Tiadc in Land, IMite-I l.y hii Wi.iow, WaU 

rifPcc hy tic h'.'.'.ll Mon. J»)nN liuioni^ M.l*. Sfvcutli 
Liition. ChfVth l\'', 5^. 

Also a ciu f iliofij uitliAut the Appcti'lix, init with a Rt vi< \v 
i}{ Krccra e}c;r;oA ta the loifai Lnwi of hy flu- Rioai 

lIoN. C. O i!oi. M- MoroAN, O.C., M.R. ( loth, u. LA ; 
covers, In 

KICLVE, iV. //. //, An Epitome of Enij;liHh Grammar for 
Iho XJbe of Students. A(U|itcil to the Kon iun M an. ulun 
Course ariii Siuul.if Exanunatiuns, (Jrovin 8\o, 4 s (></. 

AWMF/S, Tkamtu J.™ Of the Imitation of Christ. Rarcimimf 
Library Kihtton, — Parchment or d'»!h, fa. ; vdlunt, 7/. (W. 'U^c 
Red lane L lition, fcap. 8v|), ch>{ii < xua, 2t. Li. The Cabinet 
Edition, fimall 8vo, tl'.ah limp, it. ; tl /h Kn.olt, |j, f>/. The 
Miniature lulilion, cloth limp, 52wfo, ir. ; or wiili rcl lines, ir, 6/. 

All the ntxive Editions may lie had in variotii citra bin ltnjj*. 
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KEMTIS^ I ha CIS a — canfuirmt 

Notes of a Visit to the Scenes In which his Life was 
sjMsnt. With numerous Illusiratiuns. By F. K. Crui^k, > 1 . 1 ). 

l)emy8vo, u;, ^ 

KliXDALL^ Henry, — The Kinship of Men. An ar^ment from 
or t}vnc<iIogy vicwt*4i a.s a beknee. Wuh 
Crown 8\o* 51. 

KENNARD, Rn>. R. />. -A Manual of Confirmation. iSmo. 

Scwetl, yL ; ('loth, \$. i 

KIDD, T^ie Laws of Tliera pen tics ; or, the Science 

and Art of Medicine. Second Fdiiion. Crown Sso, <0. 
K/XCSEOR/\ Anwt, A/, A— The Perfect Way in Diet. A 
Treatise advocating a Return to the NcHaal and Anatni FeM^l o» 
our Race, ddiud Fdition. Smail ciovvn hvo, 2 . 

K/XeSLEV, CharliS^ 3/..^.— Letters and Memorias of his Life. 
IMilctl hy hi“i Wife. Wit.h two Steel Fngraved Fortrails, and 
\'ignctteik *>n WuikI. Sixteenth C.ddniiet Kdition. 2 vuK. Crown 
8vo, I2J. 

•** Also a lN*oj,!t\ IMiti ;n, in one voluino. ^V^;h Portrait. Crown 
S\o, (o. 

All Saints* Day, nnd other Sennorro IMitcd l»y s!..: !d:v. W. 

1 IakIvO* )' v. d bird lynlioii. C’loua Svo, 7., 0./. 

True Words for Brave Men. A lU.ok. f.r ,vvi 

Sad*'<^' Lo i; -7. bixte* nt!i '1 ho-.i ^ind. ( r ova Svo, 20 t*/. 
A'.WhV, AUxjnJct .d,— The N(‘w Playf<roi2nd ; or, Wan Icrings in 
Algeria. New an i idic.aj er lidiiittn. Rwrgf crown Svo, 6o 
Larul Concentration and Irresjionvihllltv of F^iditical Pt;wer, 
as cau MMg the Anomaly of a W ; d-spreid M.de id Want hy th^ 
bide of the Va^t Supplies of Nature. C'riovn Svo, 51. 

/ .dAVkhV, 7 erc/d. —School Management ; Inda ling a (hneral View 
of the Work <4 IMuc-iieeg Orgaiu/alior*, and Dis-ophne. Sivtn 
IMilion. Crown S\t>, (» . 

LACR/E, .V. .S.--The Hiso and Early Constitution of Univer- 
sities. With a Survey of Me ii.rval Pdutnu n. Iruwn 8vo, 6/. 
EE EE ERE, Riyh/ Hon. G, Peel and O’Conntdl. Dctny 

Svo, \iXi.C\i. 

Incidents of Coercion. A J err. 1 d Vc.y \l-,: . tj I -agio- -t, 

c'rown Svo. 

Letters frxmi an Unknown rrtonrl. F >■ Author fd Cliarl- s 
I.owdei.*' With a Prelate ity tf.a Kc\. W. H.Cuiaver. l eap. 

Sv'O, li. 

Life of a Prig. lU Ont,. Third I' llhon. l\a\\ Svo, jr. GI. 
IJLLIE, Arthur, J/, A’..CX— The Popular Life of Buddlm. 
Containing an .Vh ovir to ihc H’.ldxrt Lvtiun..^ of ib-hl. Wiih 
lUu-stratjo’e- <’r<*wn S\o, 6r. 



Paul, Trtnch & Ctts Puhlicaiums, i J 

/. //. / tf, A rih ur, M, A\ . !. S. — t 

Btiddhism in Chrlst^^ndom ; <»r, frsut the Kv^rnf. Widi 
• llhistJ aliens. Bemy Sv«">, 15;. 

AOC/Jf:A\ 0:r;— An Explanal!i>n of Organ Slops, wiih Hints 
for EiToclivc Combiiiaiiutit. Dntiy Kvo, 5^. 

L0XC7F/.ll0li% //. I?v hh ht.dh^r, <\\^vri 

I/>Ni;kkijovv. \Vs5h romaiN GJul I!liuljah.»n«.. J vols. Hemy 

8\n, 42 J, 

AOXS/JA / /^ — Si«ilor Dora : » With I'^rtrasL 

rv. ' nty-ninth K«!iti«4K Small crtvwn 8vo, jrj. o/. 

George Elliot: Tlioughls uiw")n her Life, tier Books, ami 
H( 'rsolf. Seo'Hil I'MifMm hmall ernwn S\ >, in <5b/, 

/0(XS/U\KA\ Th&mas A '. — Jamejs Fcnlmoro Cooper, With 
I’v rtt.oL Crown 8\o, 5*. 

/ ' dlVV' A*, C/iiir/fi. — A Biography, Hy ihr Ant!v>i “ St. Trrrva.’' 

'Iku-lfth (.’row;; Svi>. \\ ilh !'• r ir ut. t\A 

! : ChTS, lr.il { \ --Lectnres on General Nnr*;inn\ <l<!ivrrnl fo 
thr l'rob.iti fin-rs nf ihi' laai-lun 'li.-unu"; S(hi>'>l iui 

NiuH ' ScC''ii'l L 'ition. ('ii^wnSN ', (>./. 

! \ t'TOS, llrA irl /^>/ / -- LI fe, Leltern and Literary 

Hemains. hy S<>n, ihn 1 \n ni Lvjion’, \\ jf h r-n».iits, 
Illuslr *‘u'tio an i I ;k vln.^^ .. 1 '* n ) ■. ! . I :vi I H., 

M.^CIIIAVE! U, AVoif/A -- Life and Tiine^i. liy Imf. Viitaki. 

Ti.iJ) Jatod by I l.\n\ VlJ.i At J. 4 vtA, ]ai,x js d Svm, 4H4. 

Discourses on the First Decade <,f Tilnn Llvlus, 'I t ins- 
I.'it'd f; )in the Italian by .\ir.JAN Hill. M A. Fujn; 

entuu 8 vn, I2i. 

TliC Prince, 'rmesbitnl ft >m llic hdinn by N. II. T. Small 
(Town 8vo, printe i <;r} b'oi 1 made }>aj*tT, iKndli'd (n. 

//, I ( W "F JL L , J. C. S :: ; //. -'Mow the Union w fift ca r r i ed . 

8vn, cloth, ij. b/. ; p.tyrr ovcis, It. 

d/ /t7A'/'.V, A hout the .P‘ws since Bihle Times. Fo.mihe 
1)7 sittnirri I'ajIc (JI the Ln},;h h I a • bi^. htscill trovvjii ha'>, bi. 

Maintento", Madame de. I’»y Fmij v Powiri. V\jth roitrait, 
L; r ;c crovui ^vo, yj. b/ 

7*ldny Vbdees. A volume f*f FAkart'. from fbr Kd; o'rut NYntrn* {*( 
{ 'hoaettdom ftnm the I if*vt to the SjiOri^nth < entury. With 
L» Sbetchcft, < tnwn 8vo, chith r*!ri, red 60 

MAKMIA 1/, C///. /f/vM' //itrundr, h\x ^/fhe Great Kra^xen Sisa i 
A lVr!»onaI Nan.t'tive of ihr Vo).;**' of the W/oY du? m;; the Arctic 
lAO'djlion of 1875-b. With 0 h*ii*p3j*c Illu^ilrattoni, 2 
sm . j; W(x>*ici2ti. Sklh an i < heaper E ‘its du (Jiovin Or. 
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MARTISEAV, Ga i mdf.- OwWxn^ l.mson% oi\ Morals. SaiiU 
ciovrtt 8uj, yr. 6i. 

CMa/RUf — Education’, a uf to 

l«st>iic*, ConMi hvn, 3 . 0/. 

Mcilter and Ent^rji^y : An Kx.im;r;atKm ot the I'ur* hfaental Cojicep* 
CJ v oi rhysical Torcc. i>y li. L. L. Saiill cr«mn Svo, U. 

MATVCI:, }!. 0 ;tdm, A Wanderer. <.‘ro\ui Sm>, 5 /. 

AfAf/m/EV, //., .V.A--Bo(jy and Will. Being an con- 

(eniing Uill, in Mctnphyjiial, }’hy»ioL>gici!, anl B*idK>ii>gical 
Avirrl '.. 8\o, IZi, 

Natural Causm and Supernatural Seemingi. Second 
I'.diUun. (As'N\n Sv'', 6 i. 

A/iGRAT/f, - Pictures from Ireland. Nc^ir and Cheaper 

hdiC“n. ( ’fow n h\' t, 2 ;. 

A/rAVA AAl', A. o', - Science and Art of Religion. Crt*\Mi 

Nvu, S>. (>j\ 

MKKEJU J JI, /'/..C “Theotokos, the Exanijile for Wtiman, 
Peduatt*], 1) j eniiisi'jiou, to Lady Agiv*-) Wiw wi. Ruvi-ed hy 
die VoMiaiv.’ .Arthdeucon I>eMhc>.s. !iiupiK»{ii, u. ikE 

idU.I.LKy /'vd.vn/. The History and Doctrines of Irvinglsrn ; 

til, 'I hr su tali'vi I uli<l A|>v>^luliC ( hufdi. 2 v\'h. Dngc 

pvsl 8vo, 15 r. 

The Church in Relation to the Stale. D'vigc crown Svo, 47 . 

MII.LS, /Ar/rr/. —Poverty arul the Slate; <>r, U«'rk for thr Uii 
employe 1, An hujuiiy uito the < ’ausc-i and Lxtrnt r>f Lafoned 
Idlrnr‘ With a Statciarut of a Krm* dy. Crown hvt;, (m. 
Mltchel, John, Ufe. By \Vnii\M L>;: i js. 2 vohv. hvo. Wnh 

2li. 

MITCH ELLj lu,y M.—h History of Ancient Sculpture. Wah 

nunu’ious lilu iUatioiji, UilIu 0 i’utci la j^c. hUjcr* 

TOjal 8 m », 420 

M 0 CA 7 .E^A\ / A Grammar of the Baloochee Language, m 
it IS *.jH)kcn in Maktan (Auri 'iit Coliosia,}, in iht: iVrsu At... u: 
and Konmn chara-clcrs. Ecaji. Svo, 3 ;. 

J/0//Z, Julius and Afary . — Letters and Recollections of. By 
M. C. M. StM r;>oN. With I' orUaUv and Twu Iliustralums*. Demy 
Svo, !5i. 

AiOLF.SWORlH, Rn. ii'. Xaiuu, History of the Church 

of England frxitn 1660. Lirgr cicwii Svo. 7 x. tA. 
M0REIJ^J> A'. “Euclid Slmpune<i in Method and Language. 
Itemg ft Manual of Geometry. C omjdleti from the mo«vt nnj 4 .»nanl 
Frendi Works, appoved By the I’nivcrs^ty of Pans ftiid the 
Miaiitcr of Public iiutmction. Ftap. Svo, is, 6*4 



Pakl^ Tnmh & Co's PMkaiisms, 1 7 

Mi^KI^OX, y> The' Service of Man: jm fe'Av^) UA^iud\ 5 lu' 

KcUjijion of thr Vuiuic* C<u%%n Svu, 51 . 

*X'^KM£, E. S,, /^i./\ — First Book of Zoology* With nun»('o.u 
• ilhistf New awl t. htajcf F<l»Uon, S\xi^ is. t**L 

My Lawyer: A ('riit.v.f Ahn(?,:so<nt t>f (he tif Fnj'bwL Ilya 

Ibrrivli'i Ai C tiomi h\u, Oi. 

s\£J.S(>X, 7 . //. . 1 /..^. A Pros;*rctus of tho Sclentinc Study 
of tho Hluiiil Law. Ik-uo' hvi<* <>/. 

Indian Usage and Judgr-iiuide Iaw In Madrax. Uemr 

huj, i:- 

/. / UX*J V, rJiaractorisilc^H fi<<m Ihr Vi-’nllngH of. 

iWni;; !>r!r. tioi. . (i-nio la ■ \.ut<a- W >ikv Aji.i'*,;rd ihr 

Au{hoi\ |H‘T'.ats.\l A;*: \ :.' 5 i 1 Wiiij Ik^iuajf. 

i fii’A !) h\ v», t) . 

*,* A of I . I'i'i.ai Niam.'n. t;, iut I, ojani^, i .in 

1 - 

A / >t ’/ fA', ,i >i . I'.s.'.tV'i on Died. loaui Kv«», 

«, t> 'th h.'ii j , .' . 

M kscoUa IJ icH. \«'l. n. ar.'l A<!*!rr' ‘.r'i, Moi,»] 

an'il K<‘hginu\, Dmiy SvMj i.:t, 

Ronilnlscences of Two Lxdcs and Two Warft. ( r aui 

Xo,. 

Now Social Teachings. !'> as, Maall . oam Ho), 

A/('(‘/X A*f.-.ur', /.r..' , / A'.n' '. (di.jijtcri frotn tin* PliyHli'.d 
Hi'dory of the K.iUh : ai I -ar f <>n !• (o..D;v 4Si*t 
i .ii,f ' i'h fi'a/ ' r> o oat; .ii\, ( 

.^///.7/. /V' If. X Tho Si'dorv <7 St. Marv .d Dio CroniH : 
Sistors of I ho D(*or .iinl th<dr W<trK. i . • a ' , - . 2 . o / 

A'*'//, 7-7 I' n. A, - UH-x.tVH »)n pMatry anti li >' .ny 

S. , i: . 

A'f/'I, M :n mni' -~(ll .\s*i Lr^ja^nn on r.uf'liil. I'nt h f ’ 

().'• J a : I*.%o i'.' ■/.< . ll/‘ i * >. ■ ,/ hv 5 , 1, O./. 

Nuces: 1 ,\M' f .'ii \ (ts 'rn'^ Svntw or inr I'rntn Laun 

I'CT^ti 5 ^. \» \» r^.n^ri) ;rj 1 I r* J'.a' ( a ae, n Svo, oi<.h I 
*,• Tlr- T1 rci- I*ar!'» ' .u .1 li.i j .urni (' 'y’hf r, y. 

lA 7£ , /'f.itiy /.A’, 6’..>. — Malabele Land and the Victoria 
Fa!K. A N. ’’..rri'.o'v \\ ? ' o m iKr hil- rt(.*r <7 Sanith 
. t, 1 h) ( . L, ()aij 1 * \'*ah hhaiitrA- 

n- i.i a:, I 4 '*, jtn. l>rn,y *'l^. 

O'HKfl'.X, A’, /ifarrv.— Irixh Wrtmgs and English Hemedle*, 

114 it h *sher Ivv^ayn. f it.^n 8 '.", 50 
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OUVER, Edirf^’-^VnnoUced Analogies, A Talk oa the Iriilj 
(^estkm. Crowti Bvo. 

(TMEARAt Henri Perreyve and his Counpls to 

the Sick. Small crown 8vo, 5#. * 

One and a Half In Norway. A Chronicle of Small Beer. By 
Either and Both. Small crown Siro, 3/. 6^. 

CtNEiL^ tht laii Reo, Xarrf.— Sermons. With Mcmoii and Porfiail. 
Crown 8vo, 6r. 

Essays and Addresses. Crown Svo, sr. 

OTTLB\\ //. i?iV^w/rM.—Th© Great Dilemma. Christ His Own 
Witnm or HU Own Accuser. Six lxc*urc% Second Edition. 
Crown Bvo, 3/, (td. 

Our Priests and their Tithes. By a Priciit of the Trovince of 
Canterbury. Crown Bvo, 5/. 

Our Public Schools— Eton, Harrow, Winchester, Hugby, 
Westminster, Marlborough, The Charterhouse. 
Crown Bvo, 6/. 

PAL^fER, the iate WiUiarn.^lAoKm of a Visit to Hussla In 
1 M 0 « 1 S 41 . Selected and arranged by John H. CAJtoiNAt 
Nkwman, with Portrait. Crown Bvo, Br. 6a. 

Early Christian Symbolism. A Series of Compositions from 
Ertsco Paintings, Glasses, and Sculptured Sarcopnagi. Edited 
l»y the Rev. Provost Korthcote, D.D., and the Rev. Canon 
Browklow, M.A. With Coloured Plates, folio, 401., or with 
Plain Plates, folio, 25^, 

Parchment Library. Choicely Printed on laml-madc paper, limp 
parchment antique or cloth, 6r. ; vellum, yj. i>d. each volume. 

Sartor Hesartus. By Thomas Carlyle, 

The Poetical Works of John Milton, a voU. 

Chaucer's Canterbury Tales. Edited by K. W. Pollard. 
2 vols, 

Xjstters and Journals of Jonathan Swift. Selected and 
edited, with a Commentary and Notes, by St an lev Lane Poole, 

De Quiacey*8 Confessions of an English Opium Eater. 
Reprinted from the First Edition. Edited by Richard Garnitt. 

The Gospel according to Matthew, Mark, and Luke. 

SelectloEui from the Pnm Writings of Jonathan SwifL 
With a Preface and Notes by Stanley Lane-Pools and 
PociraiL 

English Sacred Lyrics. 

Sir Joshua Reynoidsk Discourses. Edited by Edhcnd 
Gosse. 




K^m Fault Trauti & Co's Puhlkations. 


"Bmrchmmt Ubrary--^wi//ifi«ftf, 

S^ecilonui fmm Milton^ 'Bnm Writlagi, EdUod hf 

EftKtST Myirs. 

Book of Painlmju TnmiUtdi ly thff Eet« Criioii T. IC 
CUKYai, M.A., D.IX 

Tk« Vicar of WakcAelcL With Preface and Notei by Auittit 
Dobsox. 

English Comic DramatlsU. Edited by Oswald CiuwrtiKix 

English Lyrics. • 

Tha Sonnets of John Milton. Edited byMAnac PAtTiiON 
With Portrait a/rer Venue, 

French Lyrics^ Selected sml Annotated l>y Gkorok SAiNts^ 
BURY, With a Miumiurc Fronitamecc detkned and etched by 
H, G. GUodoni. 

Fahles by Mr. John Gav. With Memoir by AusTiw Dum^s, 
and an Etched Portrait Irom an unhnidicd Oil Sketch by Sir 
Godfrey Kncller. 

Select Letters of Percy Byi»the Shelley. Edited, with an 
Introducliofl, by Richard Garnett, 

The ChrisUsn Year. Thtnighta In Verae for the Sumlay# and 
Holy Days throughout the Year. With Miniature Portrait of the 
Rev. J. Kcbic, alter a Drawing by G. Richmond, R.A, 

Shakspore's Works. Complete in Twelve Volume#, 

Eighteenth Century Essays. Selected and Ikliitjfi l;y AuattN 
Dobson. With a Miniature Frontispiece by U, Caldecott, 

Q. Horati Flaccl Opera. Edited by F. A, Cornish, Aadftant 
Master at Eton. Vviih a Frontispiece after a dcaign l)y L, Alma 
Tadema, etched by Leopold Lowctmaiu. 

Edgar Allan Poe’s Poems. With an Eway cm hb Poetry by 
Andrkw Lano, and a Frontispiece by Unley Sambourne. 

Shakspere*s Sonnets. Edited by Edw'ard DowDas. With a 
Frontif piece etched by Leo{x»ld l^wenstam, after the Death 
l^task. 

English Odes. Selected l>y Edmund Go$^it. \Vith Frootb* 
piece <m India paper liy Hamo ThomyCToft, A. R.A. 

Of the Imitation of Christ. By Twoma*# k A 

rrrued Tranalatkm. With Frontbp^c cm ImUa paper, from a 
Design by W. B. Rkhmirnd, 

Poems: fleeted from Prrcy BvssHe Shrlury, Dedicated to 
Lady Shelley. With% Prc&ire by KtciufeP GARNATt and s 
If imaturt Frostiiqpieoe. 
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FAJtSlOMi Railwam Hiitaricil md 

DcMpti^ Wilk pnctkil lafonaatlQa m to Fafei and tLde% 
etc, iM a Cliapttr oe iUiiiMiy Rcfom. Cimm 

PASCAl^ Thouahta of. Ttaoafauod Irmo tin Tcit of 

Angnito Molinicr, C. Kkgaii Favu latft cram S«Oy with 
Fit)Halli|iieoQt piiiKloa on baiid'^OHuit ntpcf^ iMurdbdnoiia lundhioCt ot 
I3J. ; mellttm, 151. New Editk^ (Sown Svo» 61. 

PATV/i, IK ^.^l>own tho loUsdi. ANongt to tin CeriUictA 
With lUiiitiitioo. Hediimi Svo» i6f, 

/Vf 6^X9 C. AV^-~*BlWaphieal Skotohoi. Pkiolod on hsnd-tiuile 
pt{>ar9 hoitod k bocknuii. Second Editfoou Crown Svo» p» 6X 

PEAPSOK 5 ,— Woek-day Xdving. A Booh for Yoong Men 

and WomeiL Second Ediuocu Crown Svo» 51. 

Afo>r <--Aral>lo and English Dictionary of the 
Koran. 410, ai/. 

PESCBEL, Dr. airwr.<-.The Races of Han and their Goo* 
^aphlcaX Distribution. Second Edition. Large crown 
ovo, 9/. 

PIDGEOA\ A— An Engineer^ Holiday ; or. Note* of a Roand 
Trip from Lone, cr to tP. New and Cheaper Edition. Large 
crown Svo, 7/. 

Old World Questions and New World Answers. Second 
Edition. Large crown 8 to, 71. t>d. 

Plain Thoughts for Men. Eisht Lectnres deUveied at Forester's 
Hall, Clerkenwell, during the London Miasion, 1S84. Crown 
StOy cloth, ir. 6^ } paper covert, 1/. 

PLOWRIGHT. C. A-The British Uredine* and UstUagineae. 
With illuitiatioiia Demy Svo, lor. 6^ , 

PP/CE, Prtf. Bmamr. — Chapters on Practical Political 
Economy. Iking the Subotance of Lectitrei delivered before 
the Univertity of Oxford. New and Cheaper Edition. Crown 
Svo, 5/. 

Prig% Bede ; the Venerable Bede, ExpargUed, Er^xninded, and Ex* 
poaed. By “The Fate.” Second^ition. Fcap. Svo, 6<f. 

Pulpit Commentary, The. {Old Testamml Smis.) Edited hf the 
Rev, J. S. Exkll, M.A., and the Very Rev, Dean H. D. M. 
Snutet, M.A, D.D, 

Genesis. By the Rev. T. Wjutsiaw, D.D, With Homllks by 
the Very Rev. J. F. Mo.NtooMSjtv, D.D., R«w. PraC R, A. 
RxnyoaD, M.A, LL.a, Rev. F. Hastikcs, Reir. W. 
RosiLETt, M.A An Int^nctko to the Stuck of the Old 
Tettament by the Venerable Ardidcacon Fassar, D.D., F.ltS. ; 
and Introdoctkoi to the fkntatench by the Right Reir. H. Cot* 
Ttaiu, D.D., and Rev. T. Whitsiaw, M.A £|^ Idhka. 

I vol., 151. 


K(iSgm Pmii, Trmdk & JhiMmtims. tl 


FttlpU Coimii«iiUury« 

Exodus* % lli« Rev. Ouioii RAWtimoit* WIdi tlomUks hf 
%rr. J. O&IL IXD., Rev. D. YooMOt EA^ Rev. C. A. Oooih 
^A tT. Rev. J. UftQOHAKT* uA tbt Rev. li T« RosiOttX«« 
Fomta Edltkii. s voE, c»db. 

LOYltieiiS. Bv the Rev. Frebendiff MttYlfCX^ If.A. lYltli 
Inteodisctkmtbf the Rev. R. Coujn$« Rev. Pfohmm A* Cav^ 
mid Homilke Rev. IW. KicnroRti, LL*E« Rev. JF. A. 
Macoomaui, Rev. W, Ctj^RKSOM»B.A. Rev. $, E AUMiiooe, 
tUB., Aod Rev. McCiicyne EociAE. rmirth Edition. 151. 

Numbers* Bv the Rev. R. Wikteehotium* IX.E With 
HomiUet by the Rev, Trofeeicir W. Biknik, IXIX, Rev. E. S* 
I'eout, M.A., Rev. D. Youm;, Rev. J. Waite* end an Intro- 
dtictton bjr the Kcv. Thomas VVtiirEtAW, M.A. Fifth 
Edition. 151. 

Deuteronomy. By the Rev. W, L. AtEXANOE*, D.D. With 
Homitieft Ijy Rev. C. CURMA>cr., D.D., Rev. J. Oee, 

Rev. R. M. EtKiAR* M.A, Rev. IX Davies, M.A Fottrfli 
edition. 1 5^, 

doshus. By Rev. J. T. Lias, M.A. With Homilies by Rar, 
S. R. ALDEitK^E* LL.B., Rev. R. Glovek, Rev. E m 
TEESsEiKSf.* D.D., Rev. j, W^AITE, B. A, Rev. W, F. Aoexey, 
M.A ; end en Introduction by the Rev. A, rt.OMMEE, M.A. 
Fifth Edition. 12/. 6*^. 


Judges and Ruth. By the Bidiop of Bath end VVei.u* end 
Rev. J. Motisow. D.IX With Homllks by Rev. A. F. Mui*, 
M.A,, Rev. W. F. Aoeney, M.A, Rev. W. M. Statu AM, end 
Rev. Professor J. TttOMSOM, M.A Fifth Editkm. loi. 

1 Samuel. By the Very Rev. R. P. Smith, D.D. With Homiliee 
bv Rev. l>o.««Ai.i> Fraser, D.D., Rev. ProC. CHArMAM, end 
Kev. B. Dale. Sixth Edition. 1 5/. 


1 Kings* By iheRev. fosEEH Hamiiond, LLE WithHomilki 
by the Rev, E. i>E reKMiENsE* D.D., Rev. J. Waite, B.A, 
Rev. A Rowlako, LL.B,, Rev. J. A MACD03tAIJ:», end Rev. 
j. UiQtJUAET. Fifth Edition. 15 }. 

1 Chronleles. By the Rev. prof. P. C. Baeebe, M.A, LL.B. 
With Homilki by Rev. Prof. J. R. Tuomsox, M.A., Rev. R. 
Toot, B, A, Rev. W, Claeeson, B.A., Rev. F. WHirriEto, 
M. A, end Rev. Rickard Glo% ee. 151 . 

Eirai Nshsmimh, and Esther. By Rev. Canos G. RAWUStmi, 
M.A With liofnilies by Rev. ProC T. A TitOMaoiit M.A., Rsv, 
PmC R. A RtoroEX), LL.B.,M.A. Rev. W. & tJf^ M*A, 
Rtv. |« A Maciioh AUD, Rev. A MACXESHiUL B.A, Rev. W. 
CtAXESOH, B.A., Re|* F. HAfnHOS, Rev. W. Biinrffmii, 
ULA. Rev. PifiC Rowlakds, B.A., Rev, G, Wooo> AA, 
Rev, ttoL P. C Basxix, M.A, IJLB., tad the Rev. A 
Exsu., M.A A^sth Editlos. f vol., tar. 
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PuJplt Commentary, 

Iffaiah. By the Bet, Canon G. llAWU5«0!f, M*A. Wilk ItomilSet 
iiy Kev. E JOHNK»<, M.A., Rer, W, CtAtKSOi, B.A.j 
Rev. W. M. Statham, and Rer* It Tocit, B,A* Scoma 
Editioa, 2 vola,, 151, each. 

Jeremiah* (Vol. L) By the Ret, Canon T, K* CffmrxK, 
I>.D, With HomUics by the Ret, W, F. Aos^Krv, M.A,* Ret, 
A. F. Mui«» M.A,, Rev. S. Conway, B.A., Kev. J. WArrit, 
1 ],A., and Ret, h). Yooko, B,A, Third Edition. 15/* 

Jeremiah (Vol. 11 .) and Lamentations* By Ret. Canon T. K* 
CuKYNK, O.D, With Homilies by Ret. Prof. 1 . R. Thomson, 
M.A.. Ret, W, F. Adunev, M.A,, Ret. A* Muit, M.A., 
Rev. S, Conway, B.A,, Kev. D, Young, B.A* 15/. 

Hossea and Joel. By the Rev. Prof. J, J. Given, Ph.!)., D.D. 
With Homilies l>y the Rev. Prof. J. tL Thomson, M.A., Ret. 
A. Rowland, B.A., LL.B,, Kev. C JrjtOAN, M.A., IX.B,, 
Kev. J. Urr, b, i>., ami Kev. D. Thomas, D.D. 15/. 

Pulpit Commentary, The. {.Wre Testament Series,) 

St, Mark, by v ei^ Rev. E. BiCKRt^sTETfi, D.D., Dean of lich- 
hckl. With llomiiies by Rev. Pn^f. Thomson, M. A., Rev, Prof. 
C j. Givkn, bh.IX, n.i)., Rev. Prof. Johnson, M.A., Kev. A. 
Kowij^Nn, B.A., LL,B., Rev. A. Minn, and Rev. R. Green. 
Fifth \ -.iUjfn. 2 vuU., loj. 6»/. each. 

St. John. By Rev. Prof. H. R. Reynolds, D.P. With 
Homilies by Rev. Prof. T. Croskf.ry, IX D., Kev. Prof J. K, 
fi omson, M.A., Rev. D. Young, B.A., Rev. B. Thomas, 
Kev. G. Brown. Scr^nJ Edition, a voli, 15.1. each. 

The Acta of the Apostles. By the Bishop of Bath and Wells. 
With Homilies by Rev. Prof. P. C. IUrkek, M.A, LL.B., Kev, 
Prof. I\ Johnson, M.A., Rev. Prof. R. A. KcDroRD, 

Kev. K, Tuck, B.A., Kev, W. Clarkson, B.A Fourth 
Edition, a vols., 10/. 6J. each. 

1 Corinthians. By the Ven, Archdeacon Farrar, D.D, With 

Homilies by Rev. Ex-Chancellor Liescomb, LLD., Rev, 
David Thomas, D.D,, Rev. D. Fraser, D.D., Rev, Prof, 
1 . R. Thomson, M.A, Rev. J. Waite, B.A, Rev. R. Tlxk, 
kA, Ret. E. Hvrndall, M.A., and Rev. H, Bremker, ED* 
Fourth Edition. 15/. 

2 Corinthians and Galatians. By the Ven. Ardideaooii 
Farrar, D.D,, and Rev. Prebendary E HuxtARLE. WTth 
Homiiks hy Rev. Ex-Chancellor LirscoMS, LL.D., Rev. David 
Thomas, IXD., Rev. Donald Fraser, D.D., Kev, R. Tooc, 
EA, Rev. K, DurkdalI, M.A, Rev. Prof. J. E Thomsok, 
M.A., Rev. R. Finlavson, B.A., Rev. W. F. Adxkst, MA- 
Ret. R. M. Edgar, M.A, and Ret. T, Croskery, D.D. Second 
Edition. 2 It. 
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Palpll Commentary, 

^phosiana, PhUtpplans, and Cotoatlans. tht Ret. Pitif. 

^ W. G. Btamta, Ret, II. C CAma, M.A., wid R«t, G. 
O. FlKOUiv, E.A. \Mxh n^minct by Rev. Ik Thomai* IXI>>, 
Rev. R. M. EDC.AJI, M.A., Rev. R. IjKUYSOJf, B.A.* Rev* 
W. F. Adeney, M.A., Rev. Frof, T. Ceojikeey. IXD., Rev. 
1 % S* Peout, M.A., Rev. Camm lltirroK, wwl 

Ret. U. R. Thomas, D.l). Sceomi Edition, lu, 

Themalonians, Timothy, Tllus, apcl Philemon* By the 
Bishop of Hath am! Well*. Rtv. Dr. Gto.\n imd Rev. l>r. PUtas. 
With Homilies by the Rev. U. C, CaYFIM, M.A., Rev. R. 
FiNLAYJiOx. R.A., Rev. I^fof. T. Croske^y, IKU., Rev. W. F. 
Adknev. M.A., Kcv. W. M, Statu am, and Rev. f>, Tuomas, 
IXa 15/. 

Hebrews and James* By the Ret. J. Barmry, D.T)., and Rev 
PrcbcfMiary 1*1 C. S. Giiksoh, M.A. With liomiktics hy the 
Rev. C. Jerdan, M.A., LUIi, and Rev. Prcl^iKlafy E, C. S, 
(ilBSOJf. And HotidUe* by the Rev. W. JoNE'!, Rev. C NEtv, 
Kcv. I). YouNa, H. A., Rev. f, S, Hriout, Kcv. T. IjOCKYEr, 
B.A., and Rev. C. Jerpa?s, M.A., Second Edition* 15 /. 

rcs£)\ /V.— S«rmons for Iho Church's Seasons from 
Advent to Trinity. Selected from the rnhibhni Sermont 
of the late Edward Bodverie PinARY, D.D, Crovrn Svo, 51, 

Ql/EAT.TT, /Vi*. /r.---My Sayings and Doinga With Rcml* 
niKcnccv of my Life. Wtih IlluAlrationa Demy 8vo, 18#. 

jRANKi% I^ppold fw.— Universal History. The oldest Hbtorkal 
Group of Natioiu aiKl the Greeks. E*lilinl by G. W, pROTIfEia 
Ihmiy 8vo, 16/. 

EENDELL^ J. d/,— Concise Handbook of the Island of 
Madeira, With Pbn of I'unchal and Map of the liland, Fcap. 
hvo, ij. W. 

EETEll, /r. /^.—Ethical Forecasts. Crown 8vo, y. 6A. 

EEyyoiDS, Err*. J. fr.-The Supernatural In Nature, A 
Veriftcaiiofi ly Free Use of Sdence. Third Edition, Revbed 
and Enlarged. l>emy Svo, 14/. 

The Mystery of Miracles, Third and Enlarfied PMition, 

Crown Svo, 6r, 

The Mystery of the Universe our Common Faith. Demy 
8vo, ly. 

The World to Come : Immortality a Phyalcal Fact. Cmim 

8vo, 6r, 

EIBOT^ Prtf* /^.—Heredity ? A Piychokgkal 5Rodyof Ra Phcnomefia, 
iti Law», ita Cafttei, and iti Cmt^iiettcei* Second Editlee. 
Laife down Svo, 
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RiVlNCTON. Z««(<.-Autbority, or a Plain Reawn for Join- 
lug the Church of Rome* Crown 8m, jr. hd, 

ROBERTSON, Th ha Rm. F. m, mO Lethm of. 

Edited by the Ker. Stopfokd Bxooki, M, A. i 

I, Two voh., ttnifonn with the Setin^ With Steel rortimit 
Clown 8m 7^* 6</. 

TT, library Edition^ in Demy 8vo, with Pcurtmt. ttr, 

III* A Popular Edition, in i vol. Crown 8m 

Sermons* rour Series. Small crown 8vo, p, 6 d* each. 

The Human HaQ% and other Sermons. Preached at CheUen* 
Imm, Oxford, and Brighton* New and Cheaper Edition. Small 
Cl own 8va, 31. (td. 

Kotos on Genesis. New and Cheaper Edition* Small crown 8vo, 

3/. 61/. 

Expository Lectures on St Paul’s Epistles to the 
Corinthians* A New Edition. Small crown 8m Jr, 

Lectures and Addresses, with other Literary Remains. A New 
Edition. Small crown 8vo, 51. 

An Analysis of Tennyson’s ” In Memorlam,” (Dedicated 
by PeimLsion to the Poet Laureate.) P'cap. 8m 2^* 

The Education of the Human Race. Translated from the 
German of Gotthold ErttSAiM Lessi: 40 . Fcap. 8vo, ar. 6d. 
The above Works can also be had, bound in half morocco. 

A Portrait of the late Rev. F. W. Robertson, mounted for framing, 
can be had, 2r. td. 

ROGERS, Reminiscences. Compiled by R. ’ll. Haodem* 

With Portrait. Crown 8vo, 6i. 

ROMANES, C. 7. — Mental Evolution In Animals. With a 
Posthumous Essay on Instinct by CilAELKA Daewik, PMLS, 
Demy Svo, lar, 

ROSMlXr SERB A T/, ^fit/ewie.-Llfe* By the Rev. W. Loochait. 
Second Edition. 2 vols. VV^ith Portraits. Crown Svo, lar. 

ROSS, ydmt — Italian Sketches. With 14 fulLpage lllusuattons. 
Crown 8m 7 ** 6</. 

RULE, Mmiin, — The Life and Times of St. Anselm, 
Archbishop of Canterbury and Primate of the 
Britains. a vois. Demy Svo, pi, 

SAVERY, C. ifir«<*-The Church of England; au Historical 
sketch. Crown Svo. 

SA YCE, Rm AnA^d /frwry. •^Introduction to the Seletioe of 
X 4 inguage« a vols. Second EdiUon. Large post Svo, ati. 

SCOONES, IF. Centuries of English jLettenis 

A Sdeetton of 350 Letters by 150 Writen, firam the Period of the 
Punoo Lcttcfs 10 the Present Time. Third WMkm. Laice 
crown Svo, hr. 
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SSYMOVR, w. mdv% G-C,,— Home RqI« «n<l Stot* Supr*- 

maey. Crowii 8vo, y M 

Sti 4 il 3 ip«t«*i Works. Tbe Avon Edkloiv tt vok. tvo» dotk* 
iSi; ; in doth box, su. t boood In 6 vols., clolli, tp* 

Shalispero% Works, m Index to. By EvAKastitm OTmmM. 
Crown Svo, p. 

S//£ll£y, /hrr By Edwaso Dowotw, LLD* 

2 vol*. with Portmiti. Demy Svo, 

SI//lU 7 X>p Woiwnnhood ? its Dutiei, Tem^xlio!^* 

and Privileges, A Book for Young Women. Third Edition. 
Crown Svo, p. 64f, 

Shooting, Practical Hints on. Being x Treatise on the Shot Gun 
and it* Mxnagement, By “20 Bore.** With 55 lllttatmtkm*, 
l>emy hvo, 12/. 

Sister Augustine, Superior of the Si«tm of Charity at the St. 
Johanni* Hospital at Bonn, Authorial Tramdation hf Ha^* 
TitAXAlf, from the German ** MemomU of AMAttK Vox 
Lasaulx.** Cheap Edition. Large ciown Svo, 4/. W. 

SKlNKf^£^yamts.-^h Memoir. By the Author of “Charle* Ia>wdtr.** 
With a Preface by the Rev. Canon Cartke, ami Portrait. 
Large crown, 71. hd. 

Also a cheap Edition. With Portrait. Fourth Edition. Crown 

y, U 

SM£ATOy, D. — The I-oyal Karens of Burma. 

Crown 8vo, 4s, 6«f. 

SMITff, £dmrd^ LLB,, /‘./r. 5 .-~'TubercuUf Consump«* 

lion in Its Early and Hemedlable Stages* Second 
Edition. Crown 8vo, 6r. 

SMITH ^ Z, vf.— The Music of the Waters* Sailor^ Chanties 
and Working Songs of the Sea. Demy 8vo. 

Spanish Mystics. By the Editoe of Many Vmcea.** Crown #vo, 5/. 

Specimens of EnaUsh Prose Style from MiOory to Ma- 
caulay. Sdected and Annotated, with an Introdoctory Eaiay, 
GeoiCK Saixtisuey. Large crown 8vo, printed on hand* 
made paper, parchment antique or cloth, lar. % iredum, 151. 

Stray Papers on Education, and Scetkea from School L^ By B. H* 
SeoQsd Edition. SmaU crown Svo, 31. 6d, 

STBEATFEJID, Mtp. < 7 . Uncolnshlrw and the Danes. 

Large crown Svo, 74. 

ST£ECICEM-msirC£jqiS.-^-<>M9^^ TmaiikUidatid 

Ediled, with Extendve Additioiia, by W. R« HoiNlEtlfiiO»t, 
Fh.D., and A. J. Gessiiawat, F.I.C. Scoond and db es p s r 
Editkai. Demy Svo, %ti, 6dL 
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Suakifl, 18SS ; being « Sketch of the Campaign of this jtax. By » 
Officer who was there« Second Edition. Crown Svo, 2$, 64^ 
SUILY^ yam$, Pessimism : a History and a Critifekm. 

Second Edition. Demy Svo, 14/. 

SlVANWICK’t Aftna»-^An Utopian Dream, and bow It may 
be Realized. Fenp. Svo, is, 

SlYEDEJ^BORG, Awfwf.— De Cultn et Amore Del ubl Agitur 
de TcUurls ortu. Paradise et Ylvario, turn de Prl- 
mogenitl Seu Adaml Rativltate Infanlia, et Amore. 

Crown 8 VO, 

On the Worship and I.OV0 of God. Treatinjj of the Birth 
of the Earth, I’aradisc, and the AkKic of Living Creatures. 
Translated frtwn the original I.aiin. Crown Svo, 71. 6</. 

Prodromus Philosophiae Hatioclnantis de Inftnlio, 
et Causa Flnall Creationis i deque Mechanismo Opera- 
tionis Animx et Corpori*. Edidit Thomas Murray Gorman, 
M. A. Crown Svo, 7r. 

TACfTVS, — The Agricola. A Tran^ilation. Small crown Svo, ts, 6*/. 

TAKBINGt C. 7. — A Practical Elementary Turkish Grammar. 
Crown Svo, 6 j. 

TA YLORf Hu^h, — The Morality of Nations. A Study in the 
Evolution of Ethics. Crown Sno, 6r. 

7A YLOR, Btv, Camm Isaat:^ Tho Alphabet. An Account of 

the Origin and Ikrvclopmcnt of I^cttcrs. With mmrerou* Tablc.*» 
and Facsimiles. 2 vols. Demy Svo, 36/, 

Leaves from an Egyptian Note-book. Crown Svo. 

TA YLOfif yertmy . — The Marriage Ring. With Preface, Notes 
and Apjwndicca. Edited by Francis Bcrdett Mon e v Courrs. 
Small crown Svo, zr. 6<4 

TA yiOA\ Biymlf, C,SJ, A Biography. By E. Gamrier 
Parry. With I’ortait and Map. Demy Svo, 14/. 

TA YLOR^ StdUjr, — Pront Sharing between Capital and 
iJabotir. To which is added a Memorandum on Industrial 
Partnenlup at the Whit wood Colbcries, by Archibald and 
Hrnry Briggs, with rctnarks by Sedley Taylor. Crown Svo, 
sx. 

THOM^y of Life after the Mind of Christ. 

Two Series. Crown Svo, 7/. tJ, each. 

TflOMPSOAr, 5i>ir.-Diet in Relation to Age and Activity. 
Fcap. Svo, ckab, ii. 4/. 1 paper covers, ix. 

TWMAPf^ yw Money and I^tbour. ix. 

TOBm/NTER, Dr, 7— A Study of Shelley. Crown Sv«s 7^. 
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TOLSTOI, Cmmf /w.^-Ghrist's Christianity. TrtnifaiUpd ibn A* 
^ Rusabin liAri^ crown 8^, 7#, 6«/, 

TKMNT^ WUHam.^Tv^dfi Unions ; Thtit Origin, Olultoti, a »4 
Blfleacy« Small crown 8vo, it, 6 J . ; |>«|p«ir «ovm, ijf, 

TI^MNCJ^, Tki kii JR, C., AnkMsh&f*^ljjHwk and llstnorfala 
By the Author of ** Charles Lowder*** With two rortralis, 
s vols. 8vo, ai/. 

Kotos on the Parables of Our Lord* Founcfiiih Edhkm* 
8vo, lar. Cheap Edition, 7r. hd, 

Kotes on the Miracles of Our X^rd. Twelfth EiUtloti. 
8w, lar. Cheap Edition, yx. 

Studies In the Ck>8pela Fifth Edition, Keelsed. Sro, lor, U, 

Brief Thoughts and Meditations on Some Passages In 
Holy Scripture. Third E<IUlon. Crown Svo, p, 6 d. 

Synonyms of the New TesUmenU Tciuli Edition, En 
larged. Svo, lax. 

Sermons New and Old, Crown 8vo. iw. 

Westminster and other Sermons. Crown 8ro, 61, 

On the Authorized Version of the New Testament, 

.Second E<lJtion. Svo, 7/. 

Commentary on the Epistles to the Seven Churches In 
Asia. Fourth E<iition, Kevifc<i. 8vo, $/. 6 d, 

The Sermon on the Mount. An Exjxmitltm drawn from the 
Wfiiingi of .St. Atiguuine, with an Kwiay on hJ* Mcrtti a* an 
Interjpretcr of Holy Scripture, Fourth E^iition, Enlarged. Bhh 
lor. 6^. 

Shipwrecks of Faith. Three Sermont preached l>cfof« the 
University of Ctmbri<lge in May, 1867. Kcap, Svo, ax* tW, 

I^tures on Medimval Church History. Iking the Sulv 
ittance of lectures delivered at Queen ’• College, London. Secoml 
Edition. 8vo, its, 

English, Past and Present. Thirteenth Eilition, Rcviied an<l 
Improved. Fcap. 8vo, 51. 

On the Study of Words. Twentieth Etliikm, Kevbed. 
Fcap. 8ro, 5X. 

Select Glossa^ of English Words Used Formerly l« 
Senses Different from the Present. Sixth E<utScm, 
Revised and Enlarged. Fcap. 8vo, 51. 

Proverbs and Their Lessons. .Seventh Edition, Enlarged, 
Fcap. 8vo, 4 f. 

Poems. Colled e<l and Arranged anew. Ktrtth EdHioii. Fescx 
Svo, 7f 6/. 
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TRBHCU^ Tkt kti C., 

Foemi. Lfbrtiy Edition* 2 troU. SmS crown 9 vo^ tot, ^ 

Saetnd JUatln Poetry* Qikdy lyrkaU Sdccted niid 

ibr Use* Third Editioo, Gwitdcd tad Improved* Foipi Svo, js, 

A Hooeehold Book of Bngllsh Poetry. Sdecied and 
Anmnncd* with Notes. Fourth Edition, Revhied. £xm fcsp. 
8vo, 5/. U 

An Essay on the Life and Genius of Calderon. With 
TransUitont from hi#*** Life*! a Dream ** and “ Great Theatre o( 
the World.” Second Edition, Revised and Improved. Extra 
(cap. 8vo, 5/. 6J. 

Custavus Adolphus In Germany, and other I.ectures 
on the Thirty Years’ War. Third Edition, Enlarged. 
Fcftp. 8vo, 4i. 

Phi larch : his Life, his Lives, and his Morals. Second 
Edition, Enlarged. Fcap. Svo, jx. 6A. 

Remains of the late Mrs. Richard Trench. Being Selec- 
tions from her Joumak, l^etterx, and other Papers, New ami 
Cbcatxrr Issue. With Portrait. 8vo, 6 j. 

TUTUILL^ C, A, //.-—Origin and Development of Christian 
Dogma. Crown 8vo. 

TIVINING^ Zw/jfj.— Workhouse Visiting and Management 
during Twenty-Five Years. Small crown 8vo, ax. 

Two Centuries of Irlsli History. By various Writers. Edited by 
Prof. J. Brycr. Demy Svo. 

VAL ^EREMAO, Rev. J. /’.—The Serpent of Eden, A Philo- 
logical and Critical Essay. Crown Svo, 41. 6d. 

F/C^/*K, 7. FW^W.-Saga Time. W’ith Illtistraiions. Crown Svo, 

7r. 6/. 

VOLCKXSOM^ £. IK n— Catechism of Elementary Modem 
Chemistry. Small crown Svo, 3/. 

WAIPOLE, CAm, a Short History of Ireland from the 

Earliest Times to the Union with Great Britain. 
With 5 Maps and Appendices. Third Edition. Crown Svo, 61. 

Words of Jesus Christ taken from the Gospela. Small crown 
Svo, sr.A£ 

IFARJD, The Wish to Believe, A XHscutsion Conoem- 

ing the Temper of Mind in which a rtasonabk Man should 
undertake Reltgkms Inqtdiy. Small crown Svo, 51. 

IKAREo IfTOm Gmp, /%./>.— Essays on the PhUosop^ of 
Thelman. with ta Introdudioii, by Witrtio Waaix 

a voh. Demy Svo, au. 
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WARTStt, % Old Shroiattin Oak. a vote. Ooniy Svo« 

iSf. 

lK/iPirO/rj;/Mte»c*.~tkaMaalmorGi»uaPaliiUiti. With 

• Sixtm niiiitrtlioiit. Fott Syo, 71 . ^ 

WHITMAN, Cant: In Eiwiti mmI 

CfOwnStrOy 61. 

WHITNEY, Thf. wmrn - Sanaotlali of Knallih 

Grammar, Ibr th« U«« of Schook Second EdlUoiiv Oo^n 
Syo, p. 6«f« 

WBiTWOETH, Gmn CUftrl^^Kn Adho-IadUm Dlollonary ! 
a GkMsaij of Indian Terms used in English» and of focli EitgUsii 
or other NoO'Indka Terms as have obtained special meaning in 
India. Demy Svo, cloth, lar. 

WILSON Mn, /-.-.The Chriatian Brothem. Their Origin and 
Work. With a Sketch of the Life of iJieir Foouder, the Vcn. 
JUASt BamsTR, dc k Salle. Crown S^’o, 6/. 

WOLTMANN I>^ A//M, md WOEEMAAN IM AW.-^Hktory 
of Painting. With numerous lllustmtions. Medium Svo« 
Vd. 1 . Painting in Antiquity and the Middle ^es. aSr. $ 
bevelled boards, gill leaves, Vol If. The Painting of the 
KenaKence. 4a/. ; bevelled Wtrds, gilt leaves, 4$r. 

YOUMANS, Edward Z., Af.A— A Cltii Book of 'ChemUtry, on 
the Bosk of the New System. With joo lUustrations. Crown 
Svo, Sr. 

YOUMANS, Eiim >!,■— Flrat Book of Botany. Dedgned to 
Cultivate the OlMcrviim Powers of Children. With |0O 
Engravingi, New and (Tbeaper Edition* Crown Svo, ar. Af, 


THE INTERNATIONAL 80IENTIFI0 MRlEa 

I. Forma of Water in Clouds and Hlvers, lea and Glaciers* 
By J. Tyndall, LLD., PMCS. With 15 lUustratbns. Nintfi 
Editkm. 5r. 

IL Physics and Politics ; or, Thoughts cm the A]q>lication of the 
Principles of ** Natural Selection ^and Inheriiance ” to Potfllod 
Society. By Walter Bagehot. Eighth Ediiioit. 51. 

IIL Foods. Bv Edward Smith, M.D., IX.B., FfCS. With mmmm 
niudmtions. Ninth EdttioiL 5/. 

IV. Mind and Body t the Theodes of their Rektioo* By Akxandef 

Bain,IX. 0 * ^h Four likstratkms. Eighth £d^ 

V. The Study of Sociology, By Herbert Spencer* Thirteenth 

Edition. 51* 
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VL Th« Ck>nMnratlon of Energy. Br Bolfooi Stewatt, VLk» 
LL.D«« F.R.S. With 14 IHustvatiooft. Scwth Edit^ 

VIL Animal Xeocomotion ; or Walking, Swimming, and Flying. By 
i B. Pettigrew, M.D., F.R.S.. etc. With 130 nitadteoni. 
TOrd Edition. 5#. • 

Yin. Besponsiblllty In Mental Disease* By Henry Mmdsky, 
M.D, Foiirth Edition. 5/. 

IX. The Hew Chemistry. By ProfcMor J. P. Cooke. Wth 31 

llluBtratioa^. Ninth Edition. 5/. 

X. The Science of Eami* By Professor Sheldon Amos. Sixth Editbn. 

XL Animal Mechanism : s Tnatbe on Terrestrial and Aerial Loco- 
motion. By Professor E, J. Marey. With 117 Illustrations. 
Third Ediiion. $s, 

XIL The Doctrine of Descent and Darwinism. By Profcfssor 
Oscar Schmidt. With 26 Illufilratiom. Seventh Edition. 51. 

XIIL The History of the Conflict between Religion and 
Science. By J. \V. Drajwjr, M.Ib, LL.I). Twentieth Edition. 

XIV, Fungi : their Nature, InAuences, and Uses. By M. C. Cooke, 

M.A., LL.D. Edited by the Kev. M. T. Berkeley, M.A, F.L.S. 
With Dumeroui Illustrations. Fourth Edition. 

XV. The Chemistry of Light and Photography. By Dr. 

Hermann Vogel. With 100 Illustrations, Fifth Edition, y. 

XVL The Idfe and Growth of Language. By Professor William 
Dwight Whitney. Fifth Edition, y. 

XVIL Money and the Mechanism of Exchange. By W, 
Sunlcy Jevons, M.A., F.R.S. Eighth Edition, y. 

XVII L The Nature of Light. With a General Account of Physical 
Optic*. By Dr. Ei^enc Lommel. With 1S8 lUustmtion* and m 
Table of Sj^tra in Chromo-lithography. P'ourth Edition. 5/. 

XIX. Animal Parasites and Messmates. By P. J. Van Bcneden, 

With 83 lUmtration*. Third Edition. $s, 

XX. On Fermentation. By Profemor Scimttcabcrgcr. With a8 

Illustration*. P*oorth Edition, y. 

XXL The Five Senses of Man. By ProfcsM)r Bermtein- With 
91 111ast3rttkxi&. Fifth Edition, y, 

XXXI. The Theory of Sound in Its Relation to Mu^c. By Pro- 
fessor Pietro Blasema. With numerous IllustnUkma. Third 
Editkm, y. 

XXIIL Studies in Spectrum Analysis. By J. Nonnan lockyer, 
F.ILS. With aut pholqm]^ lUnsiTatioiti of Spectra, mad 
OttmcfOtti fOgrtTing* on WoodL Fourth Edihoit hr. hdl 
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THE AVON EDITION. 

The Text of thae Eiitums it matniy Hat of Dtlius. fVAtr- 
er<er a lariant rmiing is aioptti, torn good and fwgniatd 
Shaksperian Critic has beta fdkwd. In no case is a new 
rendering ef the text proposed; Mr hat it been thought ne- 
cessary to (Estraet the reader's attention by notes or comments. 



I, PATERNOSTER SQUARE. 


SHAKSPERE'S WORKS. 

SPECIMEN OP TYPE. 


4 THE M£/CC7/MVr Of VENICE Act i 

StUttr^ My wind, oooiing my broths 

Would blow me to agoct when 1 thougjbt 
What harm a wtmi too great might do at sea. 

I tboidd not see the iiandy hour ^lasa nm 
But I should think of shallows and of fiats, 

And see my wealihy^ndrew, dock'd in sand. 

Vailing her higb'top lower than her ribs 
To kiss her burial* Should I go to church 
And see the holy edifice of stone, 

And not bethink me straight of dangerous rocks, 
Whkh touching but my gentle veiscrs side. 

Would scatter all her spices on the stream, 

Enrol>c the roaring waters with my silks. 

And, in a word, but even now worth this. 

And now worth nothing ? Shall I have the thought 
To think on this, and shall I lack the thought 
That such a thing licchanc’d would make me sad ? 

But tell not me : 1 know Antonio 
Is sad to think upon hk merchandise. 

Atti , Believe me, no : I thank my fortune for it, 
My ventures are not in one bottom trusted. 

Nor to one place ; nor is my whole estate 
Upon the fortune of this present year : 

Therefore my merchandise makes me not sad. 

Mar, Why, then you arc in love. 

Ant . Fic, fie ! 

Saiur. Not in love neither ? Then let us say you 
arc sad, 

Because you arc not merry ; and ’twcrc as easy 
For you to laugh, and leap, and say you arc merry, 
Bcauise you are not sad. Now, by two*headecl 
Janus, 

Nature hath fram'd strange fellows in her time : 

3ome that will evermore peep through their eyes 
Aik} laugh like parrots at a bag*piper ; 

And othfif of sudt virngar aspect 


,/ * 
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Ju$i pMnhed* Prut 5^. 

AN INDEX TO "the WORKS OF SHAKSPERR 

A{>p(kab]e to all editionx of Miakatiox:, ami giving reference, by tonka, 
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